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Editorials 


DEATHS DURING THE SEVERE FOG IN LONDON AND 
ENVIRONS, DEC. 5 TO 9, 1952 


In The Lancet, Feb. 7, 1953, pp. 288-289, is the following report: 

“More details about the effects of the thick fog which covered many parts of the 
country from Dec. 5 to 9 are given by Dr. J. A. Scott, medical officer of health to 
the London County Council, in a report to the council’s public-health committee. 
In the week ended Dec. 13, 1952, 2484 deaths were registered in the administrative 
county of London; the figures for the preceding three weeks were 753, 853, and 
945, and for the following three weeks 1523, 1029, and 1372 (the apparent drop to 
1029 was due to the usual delay in registration at Christmas). Dr. Scott compares 
the number of deaths in the week of the fog with the figures for other weeks during 
the cholera epidemic of 1866, the great fog of 1873, and the influenza epidemic 
of 1918. 


Aug. 4, Dee. 20, Nov. 9, Dee. 13, 
’ 1866 1873 1918 1952 
Week Ending (Cholera) (Fog) (Influenza) (Fog) 
Deaths registered (per million population)................ 876 713 1,085 745 
Normal number of deaths for period and season (per 
450 470 300 300 
Excess of deaths Over Mormal.......csccoccssccescccvececce 426 243 785 445 


Though the death-rates in the two fogs were much the same, the increase in 1952 
was considerably greater because of the fall in the normal winter death-rate since 
1873. The increase is greater than that in the worst week of the cholera epidemic. 

“An analysis of all the deaths registered in the County of London between 
Nov. 15 and Dec. 27 shows that the increase was more pronounced among babies 
and old people, but all ages were affected. The causes of the increase were almost 
entirely deaths due to circulatory or respiratory diseases: in the week ended 
Dec. 13 there were 10 times as many deaths from bronchitis as would have been 
expected from the preceding three weeks’ figures; and on this basis deaths from 
influenza increased sevenfold, from pneumonia nearly fivefold, and from pulmonary 
tuberculosis over fourfold. 

“The chemical branch of the L. C. C.' public health department make daily 
measurements of the amount of smoke and sulphur dioxide in the atmosphere at 
County Hall and elsewhere. Some of the results obtained at the time of the fog 
are shown in the accompanying table. The maximum averages were reached over 


1. London County Council 
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the weekend ending at 10 a. Mm. on Monday, Dec. 8. These figures were higher 
than any that have been traced in the L. C. C. records, which, for sulphur mori 
date back to 1932. ‘ 

“In a report to the borough’s public-health committee, Dr. E. H. R. Smithard, 
medical officer of health for Lewisham, says that 228 deaths were registered in 
Lewisham in the fortnight ended Dec. 20, compared with 76 and 95 deaths in the 
corresponding fortnights of 1951 and 1950 respectively. Of those who died in this 
fortnight, 130 were men and 98 women; 104 were over the age of 75,-and all but 
8 were over 45. A striking feature of the Lewisham figures was the abnormally 
large number of deaths in the Sydenham registration district, as compared with 
the other two districts in the borough. Dr. Smithard suggests three possible 
explanations : 

(1) An older population in the Sydenham area. 

(2) A denser fog caused by geographical configuration. 


(3) A more poisonous fog due to greater atmospheric pollution in that part of the borough. 


Daily Atmospheric Smoke and Sulphur Dioxide Averages at County Hall, London, S. E. 1 


Sulphur Dioxide 
(Parts per 
Smoke Million 
(Meg. per C. m.) by Volume) 
0.61 0.220 
0.49 0.144 
2.64 0.751 
3A5 0.855 


Smoke is expressed as mg. of black suspended matter per cubic metre of air. The iad for Dee. 7 
and 8 and Dec. 9 and 10 are averages for the 48 hours. 


Further inquiries are being made. Dr. Smithard mentions the new and popular type 
of slow-burning fire, which is commonly stoked up to keep it going all night, as a 
likely cause of increased atmospheric pollution.” 

In neither the Meuse Valley (Belgium) fog disaster of Dec. 1 to 5, 1930, nor 
in our own disaster at Donora, Pa., Oct. 27 to Nov. 1, 1948, were concentrations 
of gaseous or particulate pollutants measured. Competent men went to the sites 
each time but arrived too late to get samples. These, then, are the first figures which 
we have seen published. 

It is to be noted that there is no attempt to fix the blame either upon the sus- 
pended solids (smoke) or upon the sulfur dioxide gas, but it is significant that both 
increased steadily up to Dec. 9 when the weather changed. Also, concentrations by 


the last day were far above those normally occurring. Purp DRINKER 


Day 


RAPID DETERMINATION OF LEAD IN OLD URINE SAMPLES 


MARY O. AMDUR, Ph.D. 
BOSTON 


HE SCREENING test for lead in urine devised by Cholak, Hubbard, and 

Burkey * has the advantages of speed and simplicity. The lead is precipitated 
directly from the urine. The precipitate, dissolved in hydrochloric acid, is mixed 
with an alkaline solution of dithizone. The lead-dithizone complex is then extracted 
directly from this mixture with chloroform. Thus, much time is saved, because 
no lengthy digestion or ashing of precipitate or sample is required. 

The method gives good agreement with the long method of Bambach and 
Burkey.? No distinction is made, howeyer, between lead and bismuth so that 
values indicating a high absorption of lead should be checked by a more specific 
method. Despite this, the method serves as a valuable screening test. 

The method as published, though, can be used on only freshly voided samples. 
This eliminated its use as a screening test by large industrial concerns from whose 
various plants samples are sent to a central laboratory for analysis and may be 
several days or more in transit. It was felt that much valuable laboratory time 
could be saved if this screening test were applicable to urine samples more than 
24 hours old. Hence, the present investigation was undertaken in an attempt to 
modify the method so that it would give accurate lead values on such samples. 

Since this work was completed, a paper by Woessner and Cholak * has appeared 
in which the original method has been modified by the inclusion of heating with 
iodine so that it will detect exposure to tetraethyl lead. Woessner and Cholak also 
state that the addition of formalin when the sample is collected will preserve it for 
7 to 10 days, at which time it may be analyzed by their modified method. They do 
not state whether or not the simpler original method, applicable when the exposure 
is known to have been to inorganic lead, is successful with these samples. 


MODIFIED METHOD 
Apparatus.—The apparatus used in the tests for determining lead in old urine samples con- 
sists of the following: 
Centrifuge tubes, 50 ml. capacity. 
Centrifuge, capable of handling these tubes at 2,000 to 2,500 rpm. 


From the Department of Industrial Hygiene, Harvard School of Public Health. 

This research was supported by a grant from the American Smelting and Refining Company. 

1. Cholak, J.; Hubbard, D. M., and Burkey, R. E.: The Determination of Lead in Freshly 
Voided Urine: A Rapid Screening Test, J. Indust. Hyg. & Toxicol. 30:59, 1948. 

2. Bambach, K., and Burkey, R. E.: Microdetermination of Lead by Dithizone with an 
Improved Lead-Bismuth Separation, J. Indust. & Engin. Chem., Analyt. Ed. 14:904, 1942. 

3. Woessner, W. W., and Cholak, J.: Improvements in the Rapid Screening Method for 
Lead in Urine, A. M. A. Arch. Indust. Hyg. 7:249 (March) 1953. 
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Photometer, the Klett photometric colorimeter being used with 510 filter. 

Cylindrical and Squibb-type separatory funnels, 125 ml. capacity, marked at 40 ml. 

Graduated cylinders, 50 ml. capacity, graduated in milliliters. 

Reagents.—The reagents employed are as follows: 

Hydrochloric acid, C.P., sp. gr. 1.19. 

Ammonia, C.P., sp. gr. 0.900. 

Chloroform, C.P. 

n-Butanol, C.P. 

Demineralized or glass-distilled water. 

Precipitating Solution: To 2.5 gm. of calcium carbonate add 7 ml. of hydrochloric acid; 
add 2 gm. of diammonium phosphate and make up to 100 ml. with demineralized water. If 
phosphate precipitates out, add hydrochloric acid drop by drop until solution clears. 

Buffer Solution: Place 100 gm. of citric acid in 70 ml. of water and add ammonium hydroxide 
until the solution is just alkaline to phenolsulfonphthalein (phenol red). Cool, add 5 gm. of 
potassium cyanide and 2.5 gm. of sodium sulfite, and dilute the solution to 250 ml. Delead by 
shaking with repeated portions of dithizone in chloroform (30 mg. per liter) until the dithizone 
retains its original green color. Dissolve 11.5 mg. of dithizone in 500 ml. of ammonium hydroxide, 
and add this solution to the deleaded citrate solution. Keep in refrigerator. 

Procedure—The experimental procedure is as follows: 

Place slightly more than 40 ml. of urine (containing 10% by volume of concentrated nitric 
acid) in a cylindrical separatory funnel. Add 25 ml. of n-butanol, shake, and allow to settle 
thoroughly. Draw off a 40 ml. sample and place in a centrifuge tube. Add 1 ml. of precipitating 
solution and concentrated ammonium hydroxide until the phosphates are completely precipitated 
(pH, 9 to 10). Centrifuge for five minutes at 2,000 to 2,500 rpm. Decant the supernatant liquid 
and wash the precipitate by dispersing in 25 ml. of demineralized water containing one drop of 
ammonium hydroxide. Centrifuge for five minutes and decant the supernatant liquid. Dissolve 
the precipitate in 0.3 ml. of hydrochloric acid and transfer quantitatively to a Squibb separatory 
funnel, making to a final volume of 40 ml. Add 30 ml. of buffer solution and exactly 10 ml. of 
chloroform. Shake thoroughly for one minute. Fill the colorimeter tube and read against a blank 
of 40 ml. of demineralized water treated in the same manner as the samples. The lead content 
is evaluated from a standard curve prepared by analysis of known amounts of lead added to 
40 ml. of demineralized water. 


COMMENT 


The samples of urine received for check analysis contained thymol and 10% by 
volume of nitric acid. The use of thymol as a preservative will maintain the 
specific gravity of aged urine specimens.‘ Three drops of a saturated alcoholic 
solution of thymol added to the specimen collection container is sufficient for at 
least a 250 ml. sample. The nitric acid was added to dissolve the phosphates which 
precipitate out of the urine on standing. The samples were dark brown in color 
and contained in some instances a dark brown precipitate. This was probably due 
in part to the action of thymol and nitric acid on the organic compounds present in 
the urine. 

When the method as published was applied to these samples, stable emulsions 
resulted in the final extraction of the lead-dithizone complex with chloroform. 
These emulsions did not yield to centrifugation. Since carbon tetrachloride is 
also used as a solvent for the color complex and is less prone to produce emulsions, 
it was tried for the extraction. Stable emulsions still resulted. 

It was next found that the emulsions were less stable when the dark brown 
precipitate, often present, was removed prior to analysis. This precipitate was 


4. Nelson, K. W.: Personal communication to the author. 
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found to be soluble in ethanol, acetone, and n-butanol. It was insoluble in chloro- 
form, carbon tetrachloride, ethyl ether, and mineral acids. 

It was assumed that the dark brown pigment was either the same substance as, 
or one similar to, the precipitate. The brown pigment could readily be extracted from 
the sample by shaking with n-butanol, at least at the pH of the samples (less than 1). 
When this was done prior to analysis, the layers in the final chloroform extraction 
separated at once. 

In order to determine whether the low pH was necessary for the removal of 
the emulsion producing substances, an aged sample of urine (pH 6) with no nitric 
acid was extracted with butanol and analyzed. Stable emulsions resulted. The 
acid is necessary for the solution of precipitated phosphates in old samples and 
also for the butanol extraction of the emulsion-producing substances. 

No analyses were made on samples acidified with acids other than nitric so that 
it cannot be specified whether the removal of the impurities by butanol was due 
merely to pH or to nitric acid as such. It was found, however, that the method 
was as successful when the nitric acid was added just prior to analysis as when 
the samples containing acid had stood a month or more. 


Tasie 1.—Analyses of Composite Urine Sample for Lead Value 


Meg. Pb’ Liter 
0.270 
0.265 
0.270 
0.262 
0.268 
Average 0.267 
Average deviation 0.003 


The original method included a chloroform washing step prior to the addition 
of the buffer to remove substances which would produce emulsions. This step 
has been omitted in the modified method. The emulsifying substances present in 
these samples are not soluble in chloroform. The cotton pledgets placed in the 
separatory funnel tip in order to get a solution clear enough for colorimetry were 
also unnecessary. Before collection of the chloroform solution in the Klett tube, 
the stopcock of the funnel was opened briefly to assure that the orifice was filled 
with clear chloroform solution. 

The standard curve was checked by extracting 40 ml. of standard lead solution 
with 25 ml. of n-butanol and then following the entire analytical procedure. The 
standard curve on the Klett was the same with and without the butanol extraction, 
showing that the extraction had neither added nor taken away lead. 


A sample of the composite urine specimen being used for preliminary testing 
was sent to the Division of Occupational Health, Massachusetts Department of 
Labor and Industry, where lead analyses are done routinely by the method of 
Elkins.’ Their analysis gave a lead value of 0.27 mg. per liter. The results of 
five analyses of this composite sample by the screening test, preceded by extraction 
of the samples with butanol, are shown in Table 1. 


5. Elkins, H. B.: The Chemistry of Industrial Toxicology, New York, John Wiley & Sons, 
Inc., 1950, p. 326. 


Date 

9/15.. 

9/15.. 

9/17.. 

9/17... 

9/19... 
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Next, known amounts of standard lead solution were added to this composite 


urine sample. The relationship of the values calculated to the values found by 
analysis are shown in Table 2. 


TapLe 2.—Recovery of Lead Added to Composite Urine Sample 


Values Caleulated Values Found/ Values Found/ 
v 40 Ml. Values Calculated % 


Taste 3.—Analyses of Composite Urine Sample, Fresh and After a Month 


Method Mg. Pb/ Liter 

Cholak 0.045 

Modified 0.045 
Cholak—heavy emulsion prevented analysis 
Modified 0,042 

Modified 0.048 

Modified 0.045 

Modified 0.040 


Average 
Average deviation 


TABLE 4.—Comparison of Modified Method and Laug’s Method 


vn Meg. Pb/ Liter 


Sample Laug’s Deviation 
No. Wk. Method Modified-Laug 
: 0.19 0.00 


+ 0.01 

0.00 
+ 0.01 

0.00 
+ 0.01 
+ 0.01 
+0.01 
—0.01 
+ 0.01 

0.00 


* Not included in average deviation. Source of contamination unknown. 


A composite sample of fresh urine was obtained and checked by the method 
as published and by the method as modified. It was kept in the refrigerator but 
with no preservative added. At the end of a month 10% of nitric acid by volume 
was added to dissolve the precipitated phosphates, and the sample was analyzed 
again for lead value. The results are shown in Table 3. 


neac 10.7 ee 
12.7 12.2 97 
14.5 44 99 
18.4 17.0 
22.0 21.0 96 7 
Date 
7 0.44 0.45 
5 0.06 0.06 
5 0.06 0.05 
5 0.04 0.04 
i 8 0.39 0.38 
chops s 5 0.23 0.23 
5 0.17 0.17 0.00 
5 0.14 0.15 — 0.01 
5 0.18 0.19 — 0.01 
6 011 0.12 — 0.01 
6 0.06 0.02 0.04 
5 0.08 0.06 0.02 
6 0.33 0.27 0.06 
6 0.55 0.25 0.30 
Average deviation. + 0.01 
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Nineteen samples were received for analysis which had been previously checked 
for lead content by the Department of Hygiene cf the American Smelting and 
Refining Company, in Salt Lake City. The dithizone method of Laug * was used, 
following wet ashing of the sample. The agreement between the modified method 
and this method is shown in Table 4. 


SUMMARY 


By the extraction of old urine samples containing 10% by volume of nitric acid 
with n-butanol, analysis can be made for lead by the screening method of Cholak 
even after several months of standing. Thymol is used as a preservative. The 
method as used gives good agreement with two independent methods. 


6. Laug, E. P.: Application of the Dithizone Method to the Determination of Lead in 
Biological Materials, A. Off. Ag. Chemists 21:481, 1938. 
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HIS STUDY was undertaken in order to determine whether there are differ- 

ences in toxicity between synthetic and natural glycerin and whether synthetic 
glycerin would be suitable and safe to use in cosmetic, pharmaceutical, and food 
preparations. 

The acute toxicity was compared in rodents by intragastric administration to 
mice, guinea pigs, and rats and by application to the skin of rabbits. Chronic 
toxicity was evaluated by feeding rats for two years on diets containing 5, 
10, or 20% of glycerin. The response of skin to chronic exposure was determined 
by applying glycerin to the skin of rabbits repeatedly over a period of 18 weeks. 
Guinea pigs were used for sensitization tests, and rabbits for determining ocular 
irritation. 

The synthetic glycerin used was a commercial product manufactured by the 
Shell Chemical Corporation from propylene and chlorine by a number of different 
unit processes, including chlorination, chlorohydrination, and hydrolysis. These 
processes are depicted in the flow diagram. A series of purification treatments, 
including extraction and distillation, resulted in glycerin which averaged 99.5% 
by weight in purity. The nonglycerin content was mostly water, and there was no 
spectroscopic evidence of benzene or naphthalene nuclei or any other aromatic com- 
pounds. Apart from the impurities indicated by the U. S. P. specification tests, the 


only specific contaminants identified have been glycerin polymers and_ glycer- 
aldehyde. 


Samples of synthetic glycerin, typical of current production, were supplied monthly, 
or as requested, by the Houston plant of the Shell Chemical Corporation. Natural 
(U.S. P.) glycerin was selected at random from market stock. Each specimen was 


This research was supported in part by a grant from the Shell Chemical Corporation, New 
York. 


This paper was presented in part at the Fall Meeting of the American Society for Pharma- 
cology and Experimental Therapeutics, Omaha, Oct. 16, 1951. 

From the University of California Medical School, Department of Pharmacology and 
Experimental Therapeutics (Dr. Hine, Dr. Anderson, Dr. Dunlap, and Miss Morse) and 
Department of Pathology (Dr. Moon). 
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analyzed in accordance with the tests described in the “Pharmacopoeia of the United 
States” (13th and 14th editions), and chloride values were determined by the quartz 
tube combustion technique. All tests of purity were conducted under the supervision 
of the Shell Chemical Corporation and the Shell Development Company. There were 
minor differences between the natural and synthetic glycerin, namely, the residue 
on ignition was significantly greater (p = < 0.001) for natural glycerin, as was 
the content of fatty acids and esters. One lot of natural glycerin out of 25 failed the 
color test. Twenty-two out of 25 synthetic samples failed the test for readily car- 
bonizable substances. The mean total chloride values were identical. 


I. ACUTE TOXICITY 

A number of investigators have studied the pharmacology, metabolism, and 
acute toxicity of glycerin, and two comprehensive reviews on its toxicity have been 
published, the first by Deichmann ' and the second by von Oettingen.? 


1,3 Dichioro Dually! 
Propene Ether 

< 


Alkali: 
or 


Catalytn 


ch 1, 2 Dichioro Allyi WoC: Mone and Ds 
Propane Alcohol Chiorahydrins 


Chioride 20°C | Chloropropane 


+ 
+ 


2-Chioro HOC! Glycerol NaOH 4,0 Glycerol 
Propene Dichlorohydrin Mone Giycidoi 
Lime Chiorohydrin 


; Flow diagram depicting possible different reactions in the manufacture of synthetic glycerin 
from propylene. 


According to these reports, glycerin is absorbed readily from the intestines but 
not from the stomach. It may be metabolized to glucose and to a limited extent 
may replace carbohydrate in the diet. The feeding of 50% glycerin to starved rats 
increases the glycogen content of the liver, and liver tissue also forms glycogen from 
glycerin in vitro. The blood sugar of rabbits may double in an hour after peroral 
or intraperitoneal administration. There is considerable difference of opinion con- 
cerning the excretion of glycerin. 


1. Deichmann, W.: Glycerol: Effects upon Rabbits and Rats, Indust. Med., Indust. Hyg. 
Sect. 2:5-6, 1941. 


2. von Oettingen, W. F.: The Aliphatic Alcohols: Their Toxicity and Potential Dangers 
in Relation to Their Chemical Constitution and Their Fate in Metabolism, Public Health Bulle- 
tin 281, Federal Security Agency, U. S. Public Health Service, 1943. 
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Small doses of glycerin cause no rise in body temperature and no change in heart 
action or blood pressure in man. Intravenous administration may cause a fall in 
blood pressure. 

Glycerin has a direct effect on renal function in both man and animals. Peroral 
administration is followed by diuresis. Hemoglobinuria may follow intravenous 
administration of glycerin, but premedication with ascorbic acid prevents this effect. 

When glycerin is given intravenously to rabbits, there is a decided increase in 
the amplitude and frequency of respiration due to a specific action on the respiratory 
center. 

Glycerin has a direct action on muscle tissue in vitro, and high concentrations 
cause severe dehydration. In vivo, it causes stiffness and clumsiness of movement. 

Glycerin may cause irritation of mucous membranes presumably because of its 
dehydrating action. According to the Council on Dental Therapy of the American 
Dental Association,* however, there appear to be no clinical data to support a state- 
ment that glycerin is injurious to the tissues of the mouth. Distinct edema and 
hyperemia of the rabbit’s eye have been reported to follow instillation of glycerin. 

Glycerin has moderate narcotic properties, since rats are depressed to the same 
degree in their response to maze tests by 1.6 gm./kg. of glycerin as by 0.8 gm./kg. 
of alcohol (U. S. P.). Circus movements and convulsions may be elicited by audi- 
tory stimulation in frogs and mice treated with glycerin. Inactivity and tremors 
follow peroral administration to rabbits. 

The fatal dose of glycerin by various routes of administration has been deter- 
mined for a number of species of animals. The picture of acute poisoning is essen- 
tially similar for most species. Rapidity of pulse is followed by muscular weakness, 
tremors, twitchings, convulsions, diuresis, and diarrhea. Respiratory failure is the 
usual cause of death. 

Anderson and others* compared the acute toxicity of natural (U. S. P.) 
glycerin with synthetic (Shell) glycerin by single peroral and intravenous adminis- 
tration. They found no difference in L. D.59 values between the two glycerins. 

Materials and Methods.—Test animals used for acute toxicity studies were male Swiss inbred 
white mice, female rats of the Long-Evans strain, male guinea pigs, and male albino rabbits. 
All were obtained from local suppliers and were quarantined for about two weeks prior to use. 
Metal cages bedded with sawdust housed them in approximately equal groups, which were sep- 
arated according to species and sex. The temperature of the animal room varied between 15 
and 17C. The animals were fed commercial animal food pellets of known composition, supple- 
mented weekly with greens. 

(a) Intragastric Administration: Undiluted synthetic or natural glycerin was given to 
91 mice (20+ 2 gm. after fasting six hours) in doses of 15 to 31.5 gm./kg., using a ball-point 
needle and syringe. Twelve rats (114+8gm. after fasting 22 to 24 hours) received 27.26 
gm./kg., reported by von Oettingen? to bé the L.D.s A dose of 7.25 gm./kg., stated by von 
Oettingen to be the L.D.so for guinea pigs, was used as the middle of three dose levels given 


to 29 guinea pigs (325+ 50 gm.) by means of a catheter. Feed was offered two hours after 
the treatment, and water was available at all times. 

Mortality, weight changes, and physiologic signs were recorded over a 10-day period. Exam- 
inations were made for gross lesions in all animals that died and in selected survivors that were 
killed for the purpose. Specimens of brain, heart, liver, spleen, stomach, intestine, and kidney 


3. Glycerine in Tooth Paste, J. Am. Dent. A. 19:509, 1932. 
4. Anderson, R. C.; Harris, P. N., and Chen, K. K.: Toxicological Studies on Synthetic 
Glycerin, J. Am. Pharm. A. Scient. Ed. 39:583-585, 1950. 
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were taken routinely for histologic study. Tissue specimens were fixed in 10% formalin, pre- 
served in 80% alcohol, embedded in paraffin, sectioned, mounted, and stained with hematoxylin 
and eosin. 


Results—The chief pharmacologic effect was stimulation of the central nervous 
system. Body tremors, erection of the tail in the typical Straub manner, and gen- 
eralized clonic convulsions preceded all observed deaths of mice. Deaths of rats 
were also preceded by muscle spasms and clonic convulsions; respiratory failure 
occurred 15 minutes to two and one-quarter hours after administration. Survivors 
appeared normal within two and one-half hours after administration. Tremors of 
the head and body, initiated by auditory stimuli, occurred in guinea pigs imme- 
diately after injection. Death was usually preceded by tremors, but guinea pigs 
in which tremors developed did not invariably die. 

The approximate L. D.50 values ° for mice and rats were 23.0 and 27.2 gm./kg., 
respectively, for both glycerins. The values for guinea pigs were 10.0 + 1.3 gm./kg. 
for natural glycerin and 11.5 + 2.8 gm./kg. for synthetic glycerin. 


Lesions—Hyperemia of the small intestine and lungs occurred in some mice 
of both groups at the higher dosage levels. The only other lesion of interest was 
slight hyperemia of the kidneys and of the mucosa of the small intestine. In rats, 
there was invariably hyperemia of the pylorus and of the small intestine. The lungs 
were usually congested, and the spleen was pale. Three rats showed hyperemia of 
the cerebral meninges. Similar changes appeared in the guinea pigs with either 
glycerin. 

(b) Cutaneous Application: Six rabbits (3.0 + 0.5 kg.) whose trunks had been shaved 24 
hours previously were immobilized in the multiple rabbit holder as described by Laug.® Glycerin 
in amounts of 6.25 to 18.7 gm./kg. was poured over the dorsal region and gently rubbed in with 
a glass rod. The glycerin was held in contact with the skin for eight hours by means of a rub- 
ber dam. 


Results were negative; apparently neither glycerin was absorbed in quantities 
sufficient to produce a pharmacologic effect. 


Il. 


CHRONIC TOXICITY 


A two-year feeding experiment with rats was designed to determine what 
changes might result from long-term ingestion of synthetic and natural glycerin by 
the rat. Several investigations of the feeding of natural glycerin have been reported. 
Whitlock, Guerrant, and Dutcher* found that levels up to 30% did not retard 
growth but that greater proportions did. Holck,® using smaller doses, did not find 
glycerin detrimental. Johnson and others * fed rats for 40 weeks a diet in which 


5. Miller, L. C., and Tainter, M. L.: Estimation of the E.D.o and Its Error by Means of 
Logarithmic-Probit Graph Paper, Proc. Soc. Exper. Biol. & Med. 57:261-264, 1944. 

6. Laug, E. P.: A Multiple Rabbit Holder, J. Lab. & Clin. Med. 29:308-311, 1944. 

7. Whitlock, G. P.; Guerrant, N. B., and Dutcher, R. A.: Response of Rats to Diets Con- 
taining Propylene Glycol and Glycerol, Proc. Soc. Exper. Biol. & Med. 57:124-125, 1944. 

8. Holck, H. G. O.: Glycerin, Ethylene Glycol, Propylene Glycol and Diethylene Glycol : 
Report on Feeding Experiments with Rats, J. A. M. A. 109:1517-1520, 1937. 

9. Johnson, V.; Carlson, A. J., and Johnson, A.: Studies on Physiological Action of Gly- 
cerol on Animal Organism, Am. J. Physiol. 103:517-534, 1933. 
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41% of the starch had been replaced by glycerin without evidence of toxicity. 
Anderson and others * added 5% synthetic (Shell) and natural (U.S. P.) glycerin 
to the drinking water of rats for six months. They found no difference between 
the two glycerins when comparing growth rates, hemoglobin values, red and white 
blood cell counts, or gross and microscopic lesions. 


In this experiment, glycerin was fed for a period of two years. The diet was 
prepared to contain 5, 10, or 20% of natural or synthetic glycerin. These levels were 
chosen because the side-products, which average less than 0.2% of the synthetic 
glycerin, would be ingested in significant amounts, while the highest level of glycerin 
fed, 20%, was not likely to disturb the metabolism. 


The following criteria were selected for evaluating the results of the experiment : 
hemoglobin determination and urinalysis ; lipid and glycogen content of the livers 
of the groups receiving 20% of glycerin in the diet ; mean weekly food consumption 
in grams for each group for the first year of the experiment; mean organ/body 
weight ratios ; growth curves ; mortality ; general appearance of the animals through- 
out the experiment, and gross and microscopic lesions. 


Materials and Methods—The test animals were young healthy rats of the Long-Evans 
strain, obtained from the inbred stock of the Institute of Experimental Biology of the University 
of California at Berkeley. There were 72 males, whose mean weight at the beginning of the 
experiment was 101.4 (96 to 109) gm., and 86 females, whose weight was 100.7 (92 to 108) gm. 


Upon arrival at the laboratory, each rat was assigned to an individual numbered cage in a 
bank of cages, 8 units high and 22 units long. Distribution among the experimental groups was 
accomplished by reference to a standard random number table.1° There were 22 animals of 
both sexes on each glycerin diet and 26 controls. 

The diet consisted of a standard dog-food meal with which the glycerin was thoroughly 
mixed. The feed was prepared once a week and stored in stoneware crocks. The use of metabo- 
lism jars with mesh tops for feeding permitted free access to food as well as ease in weighing. 
The jars were weighed and refilled weekly, and the unconsumed feed was discarded. The mean 
weekly food consumption was calculated for the first year of the experiment. Water was allowed 
freely. 

The animals were checked daily; at weekly intervals they were removed from their cages 
and carefully inspected, their health and activity noted, and their weight recorded. The mean 
per cent weight gain for each group was calculated at approximately four-week intervals. 

At 3, 6, 12, 18, and 24 months after the start of the experiment, five rats from each group 
were placed in separate metabolism cages for from 24 to 48 hours, and urine specimens were 
collected. Those specimens which were satisfactory and uncontaminated were analyzed for albu- 
min by the acetic acid heating method and for reducing substances by the qualitative Benedict's 
test. They were also examined microscopically for casts and red and white blood cells. Blood 
was withdrawn from the tail veins for hematologic studies. Erythrocytes and leucocytes were 
counted by standard methods. Hemoglobin values were determined by the Sahli method (13.8 
gm. = 100%). Mean hemoglobin values were calculated for the different groups. 

At the end of one year, all rats on the 20% diets were decapitated and exsanguinated. The 
glycogen content of the livers was determined according to the method of Good and others." 
The livers were analyzed for total lipid content by the method of Jensen and others.12 Organ/ 
body weight ratios were determined both on these animals and on those which survived until 


10. Fisher, R. A., and Yates, F.: Statistical Tables for Biological, Agricultural, and Medical 
Research, Edinburgh, Oliver & Boyd, Ltd., 1938, pp. 82-87. 

11. Good, C. A.; Kramer, H., and Somogyi, M.: The Determination of Glycogen, J. Biol. 
Chem. 100:485-491, 1933. 

12. Jensen, D.; Chaikoff, I. L., and Tarver, H.: The Ethionine-Induced Fatty Liver: 
Dosage, Prevention, and Structural Specificity, J. Biol. Chem. 192:395-403, 1951. 
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the termination of the experimental period of 105 weeks. The livers, kidneys, hearts, spleens, 
and lungs were removed, blotted on filter paper, and weighed. Statistical differences between the 
ratios of organ weight to body weight were determined for the different dosage levels. 


Lesions.—Necropsies were performed on all animals that died or were killed 
during the experiment. Any gross abnormalities were noted. Sections of liver, 
spleen, adrenal gland, kidney, small intestine, bladder, and reproductive organs were 
prepared for microscopic study. Stains for lipid were made by the method of Rine- 
hart and Abul-Haj ** on the livers of all rats surviving the 105-week experimental 
period. 


Statistical analyses were made in all cases in which they would be of value. The 
methods used were the standard chi-square, student f, and analysis of variance 
according to Fisher.'* 


TasLe 1—Mean Weekly Weight Gains of Rats on Natural (U.S. P.) or Synthetic (Shell) Glycerin 


20% 


Synthetie Control 
Diet Male Female Male Female Male Female Male Female Male Female Male Female Male Female 
124.3 W. 119.1 72.0 112.4 66.6 117.8 778 112.9 77.2 98.9 73.4 134.3 79.2 
188.2 d 175.2 100.9 174.3 97.1 181.5 114.6 183.3 108.9 174.0 107.3 187.0 119.6 
236.7 f 229.8 130.1 221.6 121.1 233.7 142.0 240. 245.6 224.4 141.8 245.0 
266.7 139.9 50. 133.8 265.8 152.6 275. 152.9 253.6 157.3 289.5 
288.9 155.2 287. 14.2 289.7 171.0 290.8 169.4 170.2 324.4 
296.4 156.3 303. 1538.1 290.9 72.7 303. 168.8 277.5 172.7 335.1 
298.7 163.6 308.4 165 302.6 178.7 292 173.8 279.2 174.1 331.2 
166.9 311. 162.7 288.6 181.7 294.5 178.5 275.3 331.9 
171.9 319.7 167.2 304.8 184.1 302.5 178.9 280.5 b 336.0 
172.1 319.6 165.3 318.8 187.8 308, 176.7 299. 91. 337.1 
171.3 24.9 164.7 328.1 190.8 320, 178.9 


Synthetic Natural Synthetie Natural 


a 


180.1 36 171.1 338.3 196.0 
181.9 174.3 362.6 196.9 
171.1 370.6 1944.3 

174.2 372.8 100.0 

180.3 202.1 

175.7 201.5 

172.0 383. 203.1 

180.9 397. 208.6 

174.0 as 206.3 

171.0 5. 202.9 

181.0 213.5 

179.6 348.6 303. 169.2 383.6 206.8 


Results —Table 1 presents the mean weight gains, expressed in per cent, of rats 
on natural (U. S. P.) or synthetic (Shell) glycerin. Examination of the growth 
curves and statistical analysis of mean values at 13, 52, and 105 weeks did not show 
any significant difference between the groups of males and the groups of females. 

Hemoglobin determinations and urinalyses were carried out at 3, 6, 12, 18, and 
24 months without demonstrating any differences between the blood and urine of 
the experimental groups and the blood and urine of the controls. There was no 


13. Rinehart, J. F., and Abul-Haj, S.: Histological Demonstration of Lipids in Tissue After 
Dehydration and Embedding in a Polyethylene Glycol, A. M. A. Arch. Path. 51:666-669, 1951. 

14. Fisher, R. A.: Statistical Methods for Research Workers, Ed. 7, Edinburgh, Oliver & 
Boyd, Ltd., 1938, pp. 128-177. 


5% 10% |_| 
60 320.1 353.1 209.0 
64 317.8 veces 363.7 206.4 
68 304.1 360.2 221.8 
78 327.2 chads 357.9 223.8 
o4 302.6 sakes 374.5 224.1 
105 299 8 385.3 226.6 
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evidence of depression of hemoglobin in any group; the minimum concentration was 
12.0 gm. per 100 cc. (87% on the Sahli scale). There was a high incidence of 
albuminuria, ranging from 30% in females on 5% natural glycerin to 92% in 
females on 20% natural glycerin. The incidence in male and female control groups 
was 64.0 and 53.8%, respectively. Albuminuria in the groups receiving the syn- 
thetic product ranged from 47.6% in females on 5% synthetic glycerin to 74% 
in males on 5% synthetic glycerin. The degree of glycosuria ranged from zero in 
male and female rats on 20% synthetic glycerin to 56% in male controls. However, 
due to the wide variation in degree of albuminuria and glycosuria and to their 
random distribution throughout the experimental groups, no significance could be 
attached to these findings. 

No significant differences between natural and synthetic glycerin were demon- 
strable by the results of the specific biochemical analysis for liver glycogen and 


TasBLe 2.—Mean Organ/Body Weight Ratios in per Cent for Each Group of Rats on 
Natural (U. S. P.) or Synthetic (Shell) Glycerin 


Diet Sex Liver Lungs Heart Kidneys Spleen 
5% M 3.97 0.74 0.26 0.89} 0.43 
Natural F 3.93 0.47* 0.33 0.88 0.26 
5% M 3.41 0.45 0.28 0.75* 0.16 
Synthetic F 3.94 0.83 0.388 0.89 0.26 
10% M 3.23 0.44 0.26 0.78 0.14 
Natural F 3.71 0.71 0.33 0.93 0.24 
10% M 3.60 0.55 0.25 0.71t 0.19 
Synthetic F 3.95 0.64 0.32 0.81* 0.23 
20% M 3.80 0.41 0.27 0.82 0.19 
Natural F 4.05 0.53 0.31* 0.91 0.21 

20% M 3.57 0.37* 0.26 0.78 0.13* 
Synthetic F 0.61 0.29t 0.98 0.19 
Control M 3.98 0.50 0.29 0.90 0.18 

F 


3.78 0.66 0.35 0.92 0.27 


* Control group heavier, p = 0.05. 
+ Control group heavier, p = 0.01. 
t Synthetic group lighter, p = 0.01. 
§ Natural group lighter, p = 0.05. 
|| Control group lighter, p = 0.05. 


lipid. These tests were carried out on rats fed 20% glycerin in the diet and killed 
at the end of one year. The mean glycogen values in rats on natural glycerin were 
4.2% for males and 4.3% for females. Corresponding values for synthetic glycerin 
were 4.2% for males and 3.7% for females. The mean values for total lipid were 
7.5% for males and 6.9% for females on natural glycerin and 7.0% for males and 
6.7% for females on synthetic glycerin. 

The mean organ/body weight ratios were tabulated and compared statistically 
(Table 2). Of the 180 comparisons, 12 were found to be significant, 8 being at the 
0.05% level and 4 at the 0.01% level. In only two groups were the organs of 
animals fed synthetic glycerin significantly heavier than those of the controls or of 
those fed natural glycerin. 

Females receiving 20% synthetic glycerin had liver/body weight ratios signifi- 
cantly higher than those of the controls; females receiving 5% synthetic glycerin 


— 
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had heart/body weight ratios significantly greater than those on 5% natural 
glycerin. 

From comparison of these data we concluded that there was no evidence of stress 
due to the ingestion of either glycerin, as would have been indicated by increased 
organ/body weight ratios. 

Pathology—tIn none of the rats were there lesions attributable to either natural 
or synthetic glycerin or to theoretical contaminants (aromatic, heterocyclic, or halo- 
genated hydrocarbons). In 89 of the 157 rats there were no discernible natural 
diseases. 

A variety of spontaneous diseases was present in the remaining 68 rats. The 
lowest incidence was in the groups of rats fed 20% natural or synthetic glycerin 
and those fed 5% synthetic glycerin. No obvious significance could be attached to 
this observation. 


Only inflammatory diseases occurred in 27 rats. Bronchiectasis, pneumonia, and 
pulmonary abscesses were the most frequent abnormalities. Taenia infestation of the 
liver occurred rarely. Hydronephrosis and pyelonephritis were observed in several 
animals. 


TABLE 3.—Summary of Pathologic Lesions in Rats 


Inflam- Tumors * 
Number of matory ———~——_"—_, Miscella- 
Group Rats Normal Lesions Malignant Benign neous t¢ 
22 ll 6 1 2 2 
Natural Ws issncceassenn 22 10 4 5 1 2 
WBccsiscccicexces 22 19 2 0 0 1 
21 4 3 0 4 0 
Synthetie ad. RC 22 7 5 5 4 1 
2» 2 0 1 5 
26 14 5 5 0 2 
157 8&9 27 16 12 13 


* Rats with both neoplastic and inflammatory lesions are included in this group and are not included 
in the group with inflammatory lesions. Rats with multiple tumors are included in the table once only. 

+ In this category are rats showing lymphoid hyperplasia, epidermoid cysts, advanced postmortem 
autolysis, ete. 


Twenty-eight of the rats had tumors; in one rat there were two benign lesions. 
Several rats had not only neoplasms but also unrelated inflammatory lesions. 

Malignant neoplasms occurred in 16 rats. There were five each in the groups 
on 10% natural glycerin and on 10% synthetic glycerin as well as five each in the 
control group. The other malignant neoplasm was in the group on 5% natural 
glycerin. 

Benign tumors were present in 12 rats. The most unusual neoplasms were 
pheochromocytomas, occurring in three rats, and granulosa cell tumors, occurring 
in two rats. Nine of these 12 tumors occurred in the rats on synthetic glycerin ; 
there were none in the controls. 


A summary of the pathologic changes in these animals is given in Table 3. 


III. IRRITATION AND SENSITIZATION TESTS 


In determining whether synthetic glycerin would be suitable and safe to use in 
cosmetic, pharmaceutical, and food preparations, the following tests were made. 


= 
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Skin Irritation—Twenty-four female albino rabbits (2.0 to 3.8 kg.) were used for the 
determination of skin irritating properties. The method of application was adapted from the 
procedure of Draize and others.!5 The animals were clipped as frequently as necessary with an 
electric hair clipper. They were divided into two groups, and each group was subdivided into 
four sections. The daily applications of 0.5 to 4.0 ml./kg. of synthetic or natural glycerin cov- 
ered a dorsal area which was approximately 30% of the body surface. Animals at the two 
lower dose levels were not confined in the usual holders,® since the glycerin could be completely 
worked into the skin. The other groups were confined for an eight-hour period, covered with 
a rubber dam to hold the glycerin in intimate contact with the skin. The skin of each rabbit 
was examined before and after exposure for edema, erythema, or other sign of irritation. At the 
end of the period unabsorbed glycerin, which rarely was present, was removed by gentle blotting 
with absorbent cotton. 

The urine of the rabbits on the two higher dosages was examined microscopically and ana- 
lyzed for pH, sugar, and albumin at 30 and 60 days after the start of the experiment. The blood 
was examined for total hemoglobin and red and white blood cell counts at 45 and 90 days. 

Glycerin was applied five times weekly until 90 applications had been made. The animals 
were then killed with thiopental sodium for autopsy. After gross examination, specimens of 
thyroid, heart, lung, stomach, spleen, liver, adrenal gland, kidney, small intestine, ovary, uterus, 
bladder, and treated skin were taken for microscopic study. Tissues were fixed in formalin, 
dehydrated, and stained with hematoxylin and eosin. 


Results —All rabbits remained in satisfactory health throughout the experiment, 
except one whose back was fractured accidentally. This rabbit, which was receiving 
applications of + ml./kg. of synthetic glycerin, had to be killed after only 53 appli- 
cations. Its skin was perfectly normal, and there was no gross or microscopic 
evidence of tissue change. Mild and transient infections of the foot pads were noticed 
in seven animals receiving synthetic glycerin and in six animals receiving natural 
glycerin. This infection involved the hind feet primarily and began with a falling 
out of hair above the pads. A mild inflammatory process led to scab formation, 
followed by healing. Methylrosaniline chloride was applied topically. 

Eight of the 12 animals treated with natural glycerin showed weight gains of 
20 to 1,300 gm.; 3 lost 160 to 350 gm., and the weight of 1 remained stationary. 
Fight of the 12 animals treated with synthetic glycerin gained 401 to 1,230 gm., and 
4 lost 90 to 250 gm. None of the losses are considered relevant. 

The results of the urinalysis were within normal limits. Blood counts also 
showed no significant deviation from normal. Animals on natural glycerin had 
5,010,000 to 8,380,000 erythrocytes, 7,200 to 14,250 leucocytes, and 75 to 94% 
hemoglobin (Sahli scale). Animals receiving synthetic glycerin had 5,300,000 to 
7,780,000 erythrocytes, 7,500 to 11,500 leucocytes, and 78 to 95% hemoglobin. 

Neither glycerin damaged the skin of any animal. Indeed, the skin appeared 
exceptionally soft and pliable. Occasional accidental abrasions made during clipping 
healed rapidly without infection. 


A variety of lesions were found in the tissues of both groups on autopsy. These 
were abnormalities customarily found on autopsy of mature animals, and no con- 
sistent lesion indicative of a specific degeneration was found on gross or microscopic 
examination. 


Eye Irritation—Four normal untreated eyes of albino rabbits were selected on the basis of 
absence of grossly visible staining by 5% aqueous solution of fluorescein sodium, flushed with 


15. Draize, J. H.; Woodard, G., and Calvery, H. O.: Methods for the Study of Irritation 
and Toxicity of Substances Applied Topically to the Skin and Mucous Membranes, J. Pharm- 
acol. & Exper. Therap. 82:377-390, 1944. 
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distilled water 20 seconds after instillation. After a two-hour interval to permit the eyes to 
return to normal, 0.1 ml. of glycerin was applied to the center of the cornea. The eyes were 
examined 1, 24, and 48 hours later in strong diffuse daylight. They were stained with fluores- 
cein sodium, and the reactions were evaluated on the basis of the scale of weighted scores sug- 
gested by Draize and others.15 


The eye irritation score averaged two for the natural glycerin and five for the synthetic 
glycerin at the end of one hour. The two subsequent readings were negative for both glycerins. 

Sensitization —Adult white male guinea pigs (350 to 429 gm.) were divided into two 
groups of 12 each and given 0.1 ml. injections of 0.1% solution of synthetic or natural glycerin 
in isotonic sodium chloride solution.16 Ten injections were made on alternate days. Two weeks 
after the last injection, test injections of 0.05 ml. were made in the flank below the sensitizing 
area, using freshly prepared solutions. Twenty-four hours later, the diameter, height, and color 
of the reactions were noted and compared with readings made after the first sensitizing injection. 
There was no response to the challenging injection of either glycerin, except a barely perceptible 
papule at the site. This would be classified as both colorless and negative on Landsteiner’s scale. 


SUMMARY 


The acute toxicity of natural and synthetic glycerin, based on intragastric admin- 
istration, is presented as follows in tabular form in grams per kilogram: 


Natural Synthetic 
23.0+ 1.3 23.0+19 
27.2 27.2 


The chief pharmacologic effect of either glycerin was stimulation of the central 
nervous system. The chief alteration in anatomic structure following intragastric 
administration of either glycerin was congestion of the pylorus, small intestine, 
lungs, and kidneys. 

Chronic toxicity studies showed that after rats had been fed 20% natural or 
synthetic glycerin for one year there were no significant differences between experi- 
mental and control subjects. After rats had been fed 5 or 10% natural or synthetic 
glycerin for a period of two years, there were no significant differences as regards 
per cent of weight gain, results of urinalysis and hemoglobin determinations, or 
percentage of mortality. There was no evidence of organ stress at any level of either 
glycerin, and there were no gross or microscopic lesions attributable to the glycerin 
feeding. Statistical comparison of the mean weekly food consumption of the various 
groups indicated a slightly greater intake by male rats receiving 5 and 10% natural 
glycerin, in comparison with males receiving the same levels of synthetic glycerin. 

Sensitization tests on guinea pigs and skin and eye irritation studies on albino 
rabbits showed that no sensitization occurred and that no skin irritation appeared 
after 90 days of application. There was no measurable eye irritation. 

Conclusion—There were no toxicologic differences between the natural and 


the synthetic glycerin, so far as our studies could detect.'? Neither gave evidence of 
toxic effects. 


16. Draize and others.15 Landsteiner, K., and Jacobs, J.: Studies on the Sensitization of 
Animals with Simple Chemical Compounds, J. Exper. Med. 61:643-656, 1935. 

17. A feeding experiment with dogs has indicated that there are no differences between the 
two glycerins. These data will be published in a later report. 
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HE ENTOMOLOGICAL effectiveness of the new insecticide aldrin (1,2,3,4, 

10,10-hexachloro-1,4,4a,5,8,8a-hexahydro-1,4,5,8-dimethanonaphthalene), intro- 
duced in 1950, has established growing demand for this chlorinated dimethano- 
naphthalene in orchard and field insect control. Early reports by Lehman * on the 
mammalian toxicity indicated an acute oral L.D.59 of 65 mg./kg. for recrystallized 
aldrin administered to rats. This placed the compound highest in toxicity among 
the chlorinated hydocarbon insecticides and indicated the need of further toxicity 
study as a basis for health hazard evaluation. 

The work reported in this paper was initiated in 1951 as an aspect of the respon- 
sibility of the Department of National Health and Welfare for the health clearance 
of new insecticides. Acute oral toxicity of aldrin formulations has been investigated. 
Chronic effects have been assessed in relation to growth and estrus cycle and the 


relationship of these criteria to the General Adaptation Syndrome (G-A-S) of 
Selye * has been indicated. 


ACUTE ORAL TOXICITY OF ALDRIN PREPARATIONS 


Previous work by Neal,’ Deichmann,* Hazleton,’ Ingle,* and others has demon- 
strated that the effective toxicity of an insecticide depends not only upon the inher- 
ent toxicity of the active ingredients but also upon the toxicity of the vehicles and 
other associates, their synergistic contribution, and their influence on the concen- 
tration in which active ingredients reach critical centers in the exposed organism. 


Because of these findings, trade formulations of aldrin as well as the pure material 
have been employed in our experiments. 


Dr. Ball, Dr. Kay, and Mr. Sinclair are with the Occupational Health Laboratory of the 
Department of National Health and Welfare. 


1, Lehman, A. J.: Some Toxicological Reasons Why Certain Chemicals May or May Not 
be Permitted as Food Additives, Bull. Assoc. Food & Drug Officials [No. 3] 14: (July) 1950. 


2. Selye, H.: The Physiology and Pathology of Exposure to Stress, Montreal, Acta, Inc., 
Medical Publishers, 1950. 


3. Neal, P. A.: Synergistic Action of Sesame Oil on the Insecticide DDT, Public Health 
Rep., Supp. 177, Superintendent of Documents, 1943. 


4. Deichmann, W. B.; Pugliese, W., and Cassidy, J.: Effects of Dimethyl and Diethyl 
Paranitrophenyl Thiophosphate on Experimental Animals, A. M. A. Arch. Indust. Hyg. 5:44 
(Jan.) 1952. 

5. Hazleton, L.: Hazleton Laboratories Report to American Cyanamid Company, Malathon 
Technical Bulletin 2, New York, 1952. 

6. Personal communication to the authors. 
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Experimental Technique—By means of a hypodermic syringe with a ball-point needle, the 
aldrin preparations? described in the Table were directly introduced into the rat stomach in 
corn oil. For each preparation, five dosage levels were used. Ten rats, five male and five female, 
having average weights also shown in the Table, were placed on each dosage level. The diet 
was supplied as Master Feed Fox Breeder Starter Cubes. A humidified atmosphere in the 
animal room was controlled between 68 and 72 F. Estimation of the L.D.sco was made by plotting 
the logarithm of dose against percentage mortality expressed as a probit.® 


The acute oral experiments summarized in the Table confirmed within the limit 
of experimental error the L.D.59 for recrystallized aldrin, first reported by Lehman.’ 
Technical aldrin at the 95% level showed comparable L.D.59 value. All other 
preparations, however, showed significantly higher toxicity on the aldrin-equivalent 
basis used for purposes of comparison. Synergism or presence of high toxicity 
impurities was suspected, and therefore at this stage in the investigations the sup- 
plier was communicated with in an effort to explain the strikingly higher toxicity of 
wettable powder preparations. 


Variability of Acute Oral L.D.so of Aldrin in Relation to Formulation 


Averagé L.D.s0 Mg./Ke. 
Formulation * Sex Wt., Gm. 8. D.+ Body Wt.t S. E.§ 
2.5% aldrin w. p. Male 214.7 8.56 14.2 +14 
(Straus process) Female 169.5 4.38 10.6 + 0.9 
2.5% aldrin w. p. Male 233.4 14.25 43.0 = 7.22 
(Thermal process) Female 175.5 16.29 4.8 + 2.80 
20% aldrin w. p. Male 207.9 6.93 31.6 + 3.70 
(Straus process) Female 157.3 4.16 23.7 fiw 
95% aldrin technical Maile 197.3 19.06 59.6 + 1.86 
(Straus process) Female 151.0 7.90 52.3 + 5.75 
Reerystallized Male 190.5 21.15 M2 + 6.19 
aldrin Female 161.0 10.79 56.0 + 5.28 


* Introduced into rat stomach in corn oil. 
+ Standard deviation. 

} Based on 25 rats. 

§ Standard error of mean. 


It was found that the aldrin wettable powder used in the experiments had been 
prepared from 60% aldrin-equivalent solutions produced by two different processes 
—Straus and Thermal. Reference to the Table will indicate that the 60% equivalent 
solution prepared by the Straus process yielded on formulation with a wettable 
powder at the 2.5% aldrin level a trade formulation approximately four times as 
toxic as the 2.5% aldrin wettable powder derived from the Thermal process mate- 
rial. Other similar comparisons may be made to substantiate the role of process 
impurities resulting in the aldrin-equivalent acute oral toxicity of the trade formula- 
tions of this product supplied during 1951. It is noteworthy that in reaching the 
95% level for technical aldrin of Straus process origin impurities of toxicity higher 
than aldrin have been eliminated. The chemical nature of these impurities was not 
investigated, since the Thermal process was adopted by the supplier in June, 1952, 
as standard for manufacture. It may also be noted that the findings on the wettable 


7. The aldrin preparations used in this work were supplied by Julius Hyman & Company, of 
Denver, through their distributors, the Shell Oil Company of Canada, Limited. 

8. Miller, L. C., and Tainter, N. L.: Estimation of the L.D.«» and Its Error by Means of 
Logarithmic-Probit Graph Paper, Proc. Soc. Exper. Biol. & Med. 57:261 (Nov.) 1944. 
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powder preparations were subsequently confirmed by J. F. Treon * of the Kettering 
Laboratory, University of Cincinnati College of Medicine, and by H. Konst * of the 
Division of Animal Pathology, Animal Diseases Research Institute, Department of 
Agriculture, Ottawa. 

The experiments have demonstrated the importance of comprehensive toxicity 
testing on trade formulations as well as on the pure material in approaching a 
sound evaluation of the health hazard of new compounds. 


CHRONIC TOXICITY STUDIES OF ALDRIN PREPARATIONS 


In view of the demonstration by Kitselman and co-workers '! in 1950 that aldrin 
fed at 8 ppm level in alfalfa was laid down in significant quantities in the organs of 
sheep and cattle and in view of the fact that these workers had employed only pure 
material, it was considered that investigation of the toxicity of aldrin and commer- 
cial preparations at low levels of dosage over long periods was indicated. The criteria 
of growth and effect on the estrus cycle of aldrin-fed rats were selected as indicators 
of the stressor action of the compound in the absence of known specific effects. 

Experimental Technique—Three groups of 25 female Sprague-Dawley rats, having statis- 
tically comparable average weights, were fed from 30 days of age a series of aldrin preparations 
at 5, 10, and 20 ppm levels in a diet of Master Feed Fox Breeder Starter Meal. A fourth group 
of 25 rats which received no aldrin acted as the controls. The animals were maintained in a 
humidified atmosphere at 68 to 72 F. Uniformity of aldrin distribution in the diets was secured 


by preparation of stock lots of 1,000 gm. quantity and by subsequent mixing the aldrin into ground 
meal in a Hobart Mixer. 


Errect oN GrowtH oF ALprIN-FEp Rats 
In the growth studies, the animals were maintained on recrystallized aldrin for a period of 
six weeks. Weekly weighing was carried out, and group averages are shown in Chart 1. It 
will be noted that groups on diets containing 5, 10, and 20 ppm recrystallized aldrin showed 


little difference in growth from the control group at the end of six weeks (P=0.91, 0.62, and 
0.49, respectively). 


From the sixth week, dietary intake of aldrin was supplied at the same levels (calculated) 
in the form of wettable powder containing 2.5% aldrin (Straus process), and this regimen was 
continued for 20 weeks. The group receiving 20 ppm showed an initial drop in weight and there- 
after gained rapidly, to reach a maximum 24% higher than the weight of the controls. This 
difference was statistically significant (P=<0.01). The group receiving 10 ppm also showed 
an increased growth which was statistically significant from that of the controls (P=<0.01). 


Withdrawal of Aldrin—In view of the validity of the difference in growth 
between the controls and the rats receiving 10 and 20 ppm aldrin in the diet, the 
effect of withdrawing aldrin was studied from the 26th to the 38th week of feeding. 
Growth of the rats on a 20 ppm diet continued for one week, suggesting residual 
action, and then decreased steadily for around six weeks. At this point, however, 
weight loss ceased, and although the weight of the group failed to drop to the level 
of the controls, it remained relatively constant until the end of the period. The final 
difference in weight was 9% and was statistically significant (P = < 0.01). 


9. Personal communication to the authors. 
10. Footnote deleted. 


11. Kitselman, C. H.; Dahm, P. A., and Borgmann, A. R.: Toxicologic Studies of Aldrin 
(Compound 118) on Large Animals, Am. J. Vet. Res. 11:378 (Oct.) 1950. 
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The group receiving 10 ppm aldrin in the diet also showed some initial weight 
loss on the withdrawal of aldrin but gained slightly between the 6th and the 12th 
week of this withdrawal. Rats on a 5 ppm diet gained throughout the period at the 
same rate as the controls. 

Aldrin-Feeding Reswmed—Reference to the terminal portion of the growth 
curve indicates that on the resumption of aldrin feeding from the 38th week at 
previous levels with wettable powder containing 20% aldrin (Straus process) the 
rats receiving 20 ppm again gained weight abnormally, and this continued to the 
end of the experiment. It may be mentioned that from the 55th week aldrin levels 
were doubled. At the 64th week, the rats now receiving 40 ppm were 14% higher in 


A: CHANGE TO 2-5% W.P. 
B: ALL ANIMALS OFF ALDRIN 
C: CHANGE TO 20% W.P. 


| 
20 25 30 35 40 45 50 52 
WEEKS 


Chart 1—Growth chart of controls and of aldrin-fed rats in chronic toxicity studies. 


weight than the controls, but they did not differ significantly in length, thus indi- 
cating that weight difference did not represent balanced growth. This growth effect 
was associated with increased food consumption which by the end of 64 weeks had 


reached 180% of control for the group receiving 10 ppm and 270% for the group 
receiving 20 ppm. 


Neuromuscular Observations.—No signs of neuromuscular involvement appeared 
during the six-week period of feeding at 5 to 20 ppm levels of recrystallized aldrin. 
At the end of the seventh week, after the rats had been fed for one week on aldrin 
supplied as 2.5% wettable powder (Straus process) at the 10 and 20 ppm levels, 
hyperexcitability, sensitivity to noise, and irritability were observed. Fighting 
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instinct was notable. Both clonic and tonic convulsions appeared among the rats 
fed at the 20 ppm level from the ninth week. Within one week after withdrawal 
of the aldrin formulations, convulsions ceased, and within two weeks, irritability 
and hyperexcitability abated. During the third month one rat was killed by cage 
mates, and during the fourth month one rat was found dead, with teeth hooked in 
the cage screening. Convulsions among those animals receiving recrystallized aldrin 
were noted within a week of feeding at the 100 ppm level in a separate experiment. 

Summary of Growth Findings—This investigation has clearly established that 
the trade formulations of aldrin (Straus process) in the 2.5% and 20% wettable 
powder forms lead to abnormal growth when administered at dietary levels as low 
as 20 ppm aldrin (calculated). In rats receiving 10 ppm of the 2.5% powder, 
statistically significant gain in growth over that of the controls was observed. The 
initial phase of the experiment, in which recrystallized aldrin was fed for six weeks 
at these levels without difference in growth between the groups, suggested that 
constituents of the trade formulations other than aldrin were responsible for the 
growth effect. However, growth data reported by Treon ** showed that female rats 
fed 75 ppm recrystallized aldrin in the diet gradually gained over the controls, and 
between the 18th and the 26th week of feeding the differential between experimental 
animals and controls increased from 13 to 20%. Finally, short-term experiments 
in our laboratory have shown that in rats receiving 100 ppm recrystallized aldrin 
in the diet, gain in weight fell below that of the controls, and individual weight loss 
prior to death was found. Such findings suggest that response to aldrin may be 
dependent upon the level of administration, possibly reflecting the resistance and 
exhaustion phases in adaptation to nonspecific chemical stress. 

The growth effect at 10 and 20 ppm with trade formulations points to the 
existence of other compounds which contribute to the growth of aldrin-fed rats. 
As the acute oral toxicity of Straus process aldrin material has been found to be 
substantially higher than that of recrystallized aldrin, it would appear possible that 
related compounds have contributed to the growth effect, though the role of unre- 
lated constituents, such as surface active agents, cannot be discounted. In any event, 
the findings on the trade formulations emphasize that the growth effect is a non- 
specific response to the stressor action of the chemical administered. More specific 


information on this aspect will be presented in a later paper, when histopathological 
work will be reported. 


Errect oN Estrus Cycie or Atprin-Fep Rats 

The indication of action on growth by aldrin suggested that the balance of funda- 
mental physiological processes was involved. As female rats had been used in the 
long-term growth experiment, an exploration of the estrus pattern was undertaken 
from the 11th week of feeding, when the growth increase was first established as 
statistically significant. The effect of recrystallized aldrin was determined in a 
separate experiment. 

Extensive evidence of the stressor action of chemical toxicants on the female 
sexual cycle is recorded in the literature. Mention may be made of the estrus 


12. Treon, J. F., and others: The Toxicity of Aldrin, Dieldrin and DDT When Fed to Rats 
over the Period of Six Months, unpublished data. 
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repression demonstrated by Hoch-Ligeti '* with 2, acetaminofluorine and p-dimethyl- 
aminoazobenzene. The experiments of Moruzzi** with sodium bromide produced 
delay in the onset of estrus. Korpassy and co-workers ** found severe involutional 
changes in rats treated with toxic doses of tannic acid. Drasher and Zahl ‘* have 
observed that Lithospermum ruderale caused continuous anestrus and atrophy of the 
ovaries in mice. Selye* has stated that such experiments in the rat suggest that 
“the characteristic response of the female sex organs to systemic stress . ‘ 
manifests itself mainly by ovarian atrophy and more or less permanent anestrus. 
These changes are related to the G-A-S, since upon continued exposure to stressors 
the ovary returns toward normal, and vaginal cycles reappear as soon as adaptation 
becomes adequate.” 

Experimental Technique-—Vaginal smears were taken by cotton pledget daily over 10-day 
periods at specific intervals. Essentially, the technique of Kahnt and Doisy 17 was used, with the 
modification that data on positive estrus were based upon absence of all but squamous cells. The 
number of positive smears was recorded for each group of 25 rats, and the results were expressed 
as percentage of total smears (250) for each group. The findings on rats in the growth experi- 
ment are summarized in Chart 2. The effect of recrystallized aldrin on the estrus cycle was 
determined in a short-term experiment with rats on an aldrin-free diet and with those fed at 
100 ppm level. The results are summarized in; Chart 3. 


Disturbance of the estrus cycle of rats receiving aldrin and its commercial 
synthesis associates at low levels of dosage is indicated from the data summarized 
in Chart 2. Similar disturbance is indicated for recrystallized aldrin in Chart 3 in 
which the stressor effect of vaginal smearing, long known to influence use of the 
method in the assay of estrogens, is well demonstrated in the controls. It is note- 
worthy, however, that recrystallized aldrin produced greater initial repression. The 
probability of significance of difference from the controls for the groups receiving 
10 and 20 ppm was 0.05 and < 0.01, respectively, at the 11th week and 0.15 and 
< 0.01, respectively, at the 18th week. The pattern of initial repression followed 
by stage of adaptation is clear in both figures. In the long-term experiment, the 
20 ppm curve in general changed slope as alterations in treatment proceeded. At 
the end of the aldrin withdrawal period, all groups showed statistically comparable 
positive smear values. On resumption of aldrin feeding, the groups receiving 
20 ppm showed a sustained decrease in positive smears, but this was of a low order 
of significance from that of the controls. The groups receiving 5 and 10 ppm, on the 
other hand, showed less than normal loss of positive estrus and ended the experi- 
ment with higher positive values, though the P values for the difference from con- 
trols were not highly significant (P = 0.2 — 0.4). 


13. Hoch-Ligeti, C.: The Effect of the Administration of p-Dimethyl Aminoazobenzene on 
the Ovarian Functions of Rats, Brit. J. Exper. Path. 27:211 ( Aug.) 1946. 


14. Moruzzi, G.: Action of Bromide on Sex Function: Effect on Oestrus Cycle, Boll. Soc. 
ital. biol. sper. 18:261, 1943. 


15. Korpassy, B., and Kovacs, K.: Hemorrhagic Gastric Erosions and Duodenum Pigmenta- 
tion in Rats Following Parenteral Administration of Solutions of Tannic Acid, Acta physiol. 
hung. 1:125, 1950. 

16. Drasher, M. L., and Zahl, P. A.: The Effect of Lithospermum on the Mouse Oestrus 
Cycle, Proc. Soc. Exper. Biol. & Med. 63:66 (Oct.) 1946. 


17. Kahnt, L. C., and Doisy, E. A.: The Vaginal Smear Method of Assay of the Ovarian 
Hormone, Endocrinology 12:760 (Nov.-Dec.) 1928. 
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Chart 2.—Per cent of positive estrus smears per 10-day period for rats (from one month of 
age) on an aldrin-free diet and on level dosages of 5, 10, and 20 ppm aldrin. 
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Chart 3.—Three-day total of positive estrus smears for rats (from one month of age) on an 
aldrin-free diet and on 100 ppm recrystallized aldrin in the diet. 
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Examination of individual experience in these groups showed among the animals 
in the 5 ppm group eight cases of 10-day continuous estrus and one case of 10-day 
anestrus ; among the animals in the 10 ppm group there were four cases of 10-day 
continuous estrus and three cases of anestrus ; in comparison, the controls showed 
only one case of 10-day anestrus and the animals in the 20 ppm group showed eight 
cases of 10-day anestrus, with no case of continuous estrus. 


The estrus data appear to confirm previous observations on the pattern of estrus 
disturbance by chemical stressor agents. The initial repression with the recrystallized 
aldrin and the trade formulations was not sustained. As shown in Chart 2, by the 
18th week of feeding at 10 and 20 ppm levels of trade material, adaptation com- 
menced. This was complete by the 37th week, when no statistical difference between 
groups existed. Subsequently, on recommencing feeding an apparent overcompen- 
sation occurred with the groups receiving 5 and 10 ppm, and there was renewed 
estrus repression in the case of the group receiving 20 ppm, though differences were 
of low order of significance. The data on recrystallized aldrin, shown in Chart 3, 
also established the pattern of initial repression and subsequent adaptation. 


Though the estrus response to aldrin may be regarded as due to nonspecific 
stressor action, it represents, as determined in our experiments, deviation of a basic 
physiological function from normality as a result of applied stress. Pending delinea- 
tion of specific toxic effects which this group of compounds may be found to possess, 
the estrus cycle exploration which can be conveniently carried out by the vaginal 
smear technique contributes to evaluation of the toxicity of the compound. 


COMMENT AND SUMMARY 


During the course of the investigation, Princi and Spurbeck '* reported on a 
clinical study of workers engaged in the manufacture and formulation of aldrin. 
Negative clinical history among those workers was encouraging evidence that health 
hazard would be low. If, however, aldrin is assumed to act as a chlorinated hydro- 
carbon, it must be emphasized that new techniques for the detection of early poison- 
ing or evidence of biological abnormalities resulting from low exposure to such 
compounds are currently needed. In the final analysis, detection of injury in man 
will be difficult until the fundamental mode of action of the compound has been 
described and searching diagnostic procedures developed. 


The experiments reported in this paper represent preliminary exploration of the 
mammalian toxicity of aldrin and the related compounds in the commercial formu- 
lations. An assessment of acute toxicity by life-and-death criteria has confirmed the 
senior position of the compound among the chlorinated hydrocarbon insecticides 
now in use. Indirectly, it has also been shown that associated synthetics possess 
even higher toxicity. 

Chronic toxicity has been explored with the criteria of growth and effect on the 
sexual cycle of females. It has been demonstrated that in rats having an intake of 
20 ppm aldrin (Straus process formulation) in the diet increased weight, without 
change in the length of the animals, resulted. This has been correlated with an 
increased food consumption. Growth effect on rats fed pure aldrin at the 75 ppm 
level has been established by Treon.° 


18. Princi, F., and Spurbeck, G. H.: A Study of Workers Exposed to the Insecticides 
Chlordan, Aldrin and Dieldrin, A. M. A. Arch. Indust. Hyg. 3:64 (Jan.) 1951. 
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The estrus experiments have shown that the group receiving 20 ppm experienced 
disturbance of the sexual cycle, as measured by positive estrus smears, and adapta- 
tion has been demonstrated. 

Neuromuscular involvement has been evidenced by convulsions, irritability, and 
hyperexcitability. 

These findings appear to represent systemic stress of the type produced by non- 
specific stressor agents, according to the pattern advanced by Selye. It is now widely 
accepted that long-term exposure even to nonspecific stressors carries implications 
with respect to health. Hence, investigation of nonspecific stressor action forms 
a necessary facet of health hazard evaluation, apart from estimation of the specific 
toxicity of a compound. In this study the power of aldrin and related aldrin 
synthesis compounds as chemical stressor agents on mammals has been demonstrated 
by the fundamental physiological deviations which have been produced at dietary 
levels of 10 and 20 ppm. Further experiments are in progress to confirm the non- 
specific stressor action of the compound and possibly to establish the nature of 
specific toxicity. 

Through the efforts of Mr. E. Belanger the animal colony was maintained infection free dur- 
ing the course of these experiments. 
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HE HANDLING of uranium-vanadium ores in mines and mills in this country 

has risen on an unprecedented scale in recent years; the outlook for continu- 
ance of such handling in the future is good. Because much of the mining is done in 
numerous small operations often without benefit of good occupational health prac- 
tice, the need for evaluating the toxicity of one of the sources of exposure in these 
operations, carnotite ore, was apparent. Although the acute toxicity of uranium is 
well known and that of high-grade ore originating in the Belgian Congo has been 
studied in some detail,’ nothing is known about the toxicity of American ore which 
contains vanadium as well as uranium. 

Pieces of carnotite ore of high-grade quality were selected * from ore at the mill 
in Durango, Colo. The uranium content in these pieces was found to be 19.3% by 
the fluorophotometric method.* The vanadium content was 4.7% by spectrographic 
analysis. After micropulverizing the pieces, uranium was found by the ferrocyanide 
method * to be 20.4%. Solubility in water was 0.2 to 0.9 y U/ml.; solubility in 
sodium bicarbonate—carbon dioxide buffer at physiological concentration was 700 
y U/ml.; and powder density was 3.28. The theoretical ratio of uranium to vana- 
dium in carnotite (K20.2U03.V205.2H2O) is 4.67 to 1 or about 10% greater than 


From the Division of Pharmacology and Toxicology, Department of Radiation Biology, 
University of Rochester School of Medicine and Dentistry. Dr. Stokinger is currently with the 
Industrial Hygiene Field Headquarters, Division of Occupational Health, United States Public 
Health Service. 

This paper is based on work performed under contract with the United States Atomic 
Energy Commission at the University of Rochester Atomic Energy Project. A previous report 
has appeared: Wilson, H. B.; Stokinger, H. E., and Sylvester, G. E.: The Acute Toxicity of 
Carnotite Ore Dust—A Thirty-Day Study, Unclassified Report UR-229, November, 1952. 

1. Pozzani, U. C.: High-Grade Ore, in Pharmacology and Toxicology of Uranium Com- 
pounds, edited by C. Voegtlin and H. C. Hodge, National Nuclear Energy Series, New York, 
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2. Selections were made by Prof. Harold C. Hodge. 

3. Neuman, W. F., and others: The Fluorometric Determination of Uranium in Biological 
Material, J. Biol. Chem. 173:41, 1948. 

4. Cohenour, L.; Weil, C. S., and Stokinger, H. E.: Unclassified Report M-1569, University 
of Rochester Atomic Energy Project, Rochester, N. Y., 1944. 
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the ratio calculated from the above analyses. It is probable, however, that nearly all 
the uranium and vanadium are present in the ore as carnotite. If so, the sample 
contained approximately 37% carnotite, whereas the run-of-the-mill ore contains 
less than 1%. 


MATERIAL AND METHODS 


The exposure chamber, a 4-ft. monel-metal® cube with downdraft circulation, has been 
described in detail in earlier reports.5 The twice-micropulverized carnotite dust was introduced 
into the chamber by the Wright dust feed.® ; 

Sixteen white male rabbits, 1 female goat, and 33 white male rats of the Wistar strain were 
exposed six hours daily, five days weekly. Except for the intervention of natural death or 
killing, rabbits and goat were given 131 hours of exposure over a period of 31 calendar days; 
rats were given 137 hours of exposure over a period of 32 calendar days. Filter-paper dust 
samples taken at least once each hour totaled 254. Mean daily dust concentrations ranged from 
53 to 97 mg. of carnotite ore dust per cubic meter. The average of the daily means was 
84 mg./m.° Mean daily temperatures ranged from 75 to 80 F. and relative humidities from 38 
to 55%. Five control rabbits and 10 control rats were subjected to the same exposure schedule 
in a carnotite-free atmosphere in another chamber. 
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Chart 1.—Relation of percentage of uranium to particle size of carnotite ore dust. 


Rabbit blood samples were collected periodically for nonprotein nitrogen and hematological 
determinations. Rabbit urinary protein was determined twice weekly. Rabbits were weighed 
weekly; rats twice weekly. Rabbits and rats were killed at the respective rates of two and 
three weekly. Survivors of both species were killed terminally. Sections of all tissues, except 
brain and cord of killed animals, were examined histologically, and portions of lung, femur, 
kidney, and occasionally liver were analyzed for uranium by the fluorophotometric method and, 
in a few instances, for vanadium by the spectroscopical method. 


PARTICLE-SIZE MEASUREMENTS 


A few chamber dust samples were taken with the modified cascade impactor * for measure- 
ment of particle-size distribution. Because the carnotite ore is a mixture and the uranium 
content is comparatively low, it was necessary to use a much longer sampling time than usual 
and to analyze gravimetrically ; i. e., each stage deposit was ignited on a weighed slide, and the 
weight of the slide plus ignited deposit found. (The filter paper in the last stage was ignited in 

5. Wilson, H. B., and others: The Relation of Particle Size of Uranium Dioxide Dust to 
Toxicity Following Inhalation by Animals, J. Indust. Hyg. & Toxicol. 30:319, 1948. 

6. Wright, B. M.: A New Dust Feed Mechanism, J. Scient. Instruments 27:12, 1950. 

7. Laskin, S.: Measurement of Particle Size, in Pharmacology and Toxicology of Uranium 
Compounds, edited by C. Voegtlin and H. C. Hodge, National Nuclear Energy Series, New 
York, McGraw-Hill Book Company, Inc., 1949, Div. 6, Vol. 1, Chap. 10, Sec. 8.2. 
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a weighed porcelain crucible.) The average mass median diameter (MMD) of the chamber dust 
calculated from the results of three such analyses (on the 17th, 23d, and 25th calendar day) was 
1.39 w, the range being 1.35 to 1.41 «. The average standard geometric deviation (¢,) was 2.3; 
the average fraction below 1 # was 35%. The ignited stage deposits were analyzed for uranium, 
and the average percentage of uranium was plotted against the stage. MMD (Chart 1). It is 
evident that the percentage of uranium increased with decrease in the particle size of carnotite 
ore dust. It was realized that the rate of decrease might be an artifact if loss on ignition 
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Chart 2.—Mortality of rabbits following inhalation of carnotite ore dust. 
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Chart 3.—Body weights of rabbits preceding and following inhalation of carnotite ore dust. 


decreased with increasing particle size. It was found, however, that loss on ignition of the 


deposit on the filter paper of the last stage was approximately the same as that of the total 
sample (10%). 


RESULTS 


Mortality.—Of 12 exposed rabbits not killed serially, 11 died, the first on the 
Oth calendar day, the last on the 32d calendar day. In Chart 2 are plotted the cumu- 
lative mortalities of the 10 rabbits earmarked for terminal killing. Only 2 of 21 


exposed rats died. The goat survived the full 137 exposure hours. No control ani- 
mals died. 
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Weight Response——Body weights of the 10 rabbits earmarked for terminal 
killing are compared graphically with the mean of the 5 controls in Chart 3. Great 
individual variation is seen, with a pronounced weight loss generally preceding 
death. The one rabbit that survived gained weight but at a much slower rate than 
did the controls. In Chart 4, the mean body weights of the 9 surviving rats of the 
group of 10 earmarked for killing at the end of the exposure period are compared 
with the means of a group of 10 additional exposed rats and with the means of 10 
control rats. It is apparent that growth of exposed rats was significantly retarded. 
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Chart 4.—Mean body weights of rats following inhalation of carnotite ore dust. 
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Chart 5.—Body weights of goat preceding and following inhalation of carnotite ore dust. 


Also plotted is the weight response of the only rat of the selected group that died 
during the exposure period; the rate of growth of this rat was greater than that 
of the controls. The weight response of the goat is plotted in Chart 5. No significant 
weight loss occurred. 

Biochemical Results—Urine and blood samples were taken from five rabbits 
twice weekly. Anuria and early deaths limited urinary protein results to a few 
values (Table 1). The mean urinary protein values of the five exposed rabbits 
increased from zero on the fifth calendar day following inhalation of carnotite ore 
dust to 330 mg. per 100 cc. on the ninth calendar day. The only values recorded 
thereafter were 10 mg. per 100 cc. for Rabbit 8 on the 16th day and 120 mg. per 
100 cc. for Rabbit 21 on the 25th calendar day. Blood nonprotein nitrogen values 
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of individual rabbits are compared graphically with the mean of the controls in 
Chart 6. It is evident that sharp increases to values significantly above normal 
occurred in all the exposed animals. 

Hematology.—Complete blood counts were done on four rabbits (Rabbits 7, 8, 
15, and 21). None showed any change in the blood picture after one week of 
exposure. After two weeks the only surviving rabbit ( Rabbit 21) showed a slight 
increase in red blood count, hemoglobin, and hematocrit. The presence of baso- 
philic stippling was observed in the surviving rabbit and in one other exposed rabbit 
after two weeks’ exposure. (The ore contained 0.13% lead by spectrographic analy- 
sis. ) 

Pathology—(a) Animals That Died: Five of the animals that died during 
exposure (one rat and four rabbits) were autopsied. All were in a moderately 
advanced state of postmortem autolysis, and except for varying degrees of pul- 
monary edema nothing of significance was observed grossly. Only sections of 


TasLe 1.—Urinary Protein of Rabbits Following Inhalation of Carnotite Ore Dust 
Mg./100 ce. 
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kidneys were prepared from these animals. All kidneys showed damage ranging 
from moderately severe to severe.* 

(b) Serial Killings: The only lesions observed grossly in these animals were a 
number of white opacities in the liver of Rabbit 5 killed on the 15th calendar day. 
Microscopically, the liver of this rabbit contained a number of necrotic zones, with 
spherical structures that might represent fungus spores. The kidney of this rabbit 
showed moderately severe damage. The kidney of the other rabbit killed on the 15th 
day showed severe damage. The kidney of one of the rabbits killed on the ninth 
day showed mild damage; that of the other showed moderately severe damage. The 
kidneys of rats killed on the 10th and 15th days showed a moderate degree of dam- 
age, consisting of both necrotic epithelial and regenerated cells. Those killed on the 
22d day showed less marked changes, and one showed no necrotic epithelium. Of 
the three rats killed on the 29th day, one showed a mild degree of damage and the 
other two only an occasional tubule lined with regenerating epithelium; since this 
is no more than is ordinarily seen in control rats suffering from interstitial nephritis, 


8. This rough grading of the severity of renal damage is modeled after that described in the 
following: Barnett, T. B., and Metcalf, R. G.: The Pathological Anatomy of Uranium 
Poisoning, in National Nuclear Energy Series, Pharmacology and Toxicology of Uranium 
Compounds, edited by C. Voegtlin and H. C. Hodge, New York, McGraw-Hill Book Company, 
Inc., 1949, Chap. 4, p. 211 (cf. ref. 6). 
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these canot be interpreted as definite uranium lesions. In the lung of one rat killed 
on the 22d calendar day, there was a moderately severe purulent pneumonia, such 
as is commonly seen in control rats. No lesions were observed in any of the other 
organs. 

Particulate material, not present in controls, was seen in the lungs of all ex- 
posed rats (increasing in amount as time of exposure increased) and of rabbits 
killed on the 15th calendar day. 

(c) Terminal Killings: The mean ratio of lung to body weight of nine terminally 
killed exposed rats was 0.87, with a standard error of 0.08. For nine terminal con- 
trol rats, the mean and standard errors were 0.63 and 0.02, respectively. The means 
are significantly different, since by a null hypothesis ¢t = 2.71, p <0.025. In the 
three exposed rats having the highest ratios of lung to body weight, the lungs were 
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Chart 6—Blood nonprotein nitrogen values of rabbits preceding and following inhalation of 
carnotite ore dust. 


hemorrhagic. No other significant gross abnormalities were observed in any of 
the animals. 

Particulate material assumed to be carnotite was observed in histological sec- 
tions of the lungs of all the exposed rats. Microscopic examination of sections of 
the kidneys of five of nine terminally killed rats showed mild renal damage. Three 
showed only an occasional regenerating tubule and could not be considered as 
exhibiting definite uranium damage. The section of one kidney was lost. Tissues of 
the only terminally killed rabbit were also lost. The kidney of the goat showed 
moderate renal damage (comparable with that of the most severely affected rat). 
No other lesions were seen in any of the animals. 

Uranium and Vanadium in Tissues—Small but significant amounts of uranium 
were found in the kidneys and femurs of all species. As expected, the uranium con- 
tent in the lungs of all species was much greater than in the other tissues. Small 
but significant deposits of vanadium were found in rat kidneys and femurs, and 
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again vanadium in the lungs was much greater than in the other tissues. Analyses 
of vanadium in the tissues of the rabbits and the goat were too few to warrant 
conclusions. Terminal means are listed in Table 2. In Chart 7, the mean uranium 
and vanadium contents in the lungs of serially killed rats are plotted against ex- 
posure hours. The relation is essentially a straight line for each element. The ratio 
of the slopes (2.8 y of U per gm. of fresh tissue per exposure hour and 1.1 y of V) 
is 2.7, somewhat less than the ratio of uranium to vanadium (4.3) in the ore. 


Tas_e 2.—Mean Uranium and Vanadium Content in Tissues of Terminally Killed Animals 
Following Inhalation of Carnotite Ore Dust 


Micrograms per Gram of 


Exposure Fresh Tissue 
Time, No.of - A 
Species Element Hr. Animals Lung Kidney Femur Liver 
U 0 7 0.2 0.2 
V 137 3 146 0.5 0.8 
V 0 2 0.0 0.0 0.0 
U 181 1 630 3.1 1.9 0.13 
U 0 3 01 0.2 0.5 0.08 
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Chart 7—Uranium and vanadium in lungs of rats following inhalation of carnotite ore dust. 


COMMENT 


The characteristics of carnotite suggested a comparison of the acute toxic effects 
of the ore with those of uranium trioxide. The toxic effects of UO; following in- 
halation by animals has been studied by Rothstein and co-workers.’ In Table 3, 
the results following the inhalation of the two dusts (carnotite ore and UO3) by 
rabbits are compared. Total exposure hours were identical, and uranium concentra- 
tions were nearly so. It is seen that the natures and magnitudes of the toxic effects 
(mortality, biochemical responses, and renal pathology) were practically identical. 


9. Rothstein, A.: Uranium Trioxide, in Pharmacology and Toxicology of Uranium Com- 
pounds, edited by C. Voegtlin and H. C. Hodge, National Nuclear Energy Series, New York, 
McGraw-Hill Book Company, Inc., 1949, Div. 6, Vol. 1, Chap. 10, Sec. 17.1. 
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Also tabulated are the toxic effects following inhalation of UO" and U3Qs."' It is 
evident that carnotite toxicity does not correspond to that of either of these lower 
oxides. These comparative data strongly suggest that most, if not all, of the toxicity 
was due to hexavalent uranium. 

As for vanadium toxicity, histologic changes produced by this element (the 
molar concentration of which is approximately the same in the ore as that of ura- 
nium) are less well known. Lillie ** has described the changes as slight in the kidney 
of rats fed sodium metavanadate, although many animals on the diet died within 
two to four days. There is evidence, however, that vanadium is poorly absorbed 
from the gastrointestinal tract.’* Sjoberg ** mentioned a pyelonephritis in rabbits 
from inhalation of vanadium pentoxide. Applying these admittedly less well- 
established facts to the present study, it is conceivable that vanadium may have 
contributed to the renal injury from carnotite ore. Accordingly, until more definite 
information on vanadium action is available, we would prefer to reserve our opinion 
as to the contributory role of vanadium. 


Tas_E 3.—Comparison of Toxicity of Carnotite Ore Dust with That of UOs, UOz, and U3:Os 
Following Inhalation by Rabbits 


Approx. i Incidence 
Exposure Concen- Mortal- Week of Rabbit of Rabbit 
Time, tration ity, Peak eek, Blood Urinary 
Dust Hr. Mg.U/M* % Mortality Toxic Sign NPN Protein Damage 
Carno- 131 17* ” q f Weight Greatly High Mild to 
tite loss, above severe 
ore J anuria normal 


UOs 5 Weight Greatly High Mild to 
loss, above severe 
anuria normal 


Slight Normal Moder- Mild to 
retarda- ate moder- 
tion of ately 
growth severe 


0 None Normal Slight Mild 


* The effective concentration of carnotite ore was probably considerably higher because of the higher 
percentages of uranium in the smaller particles of the ore (Chart 1). 
Note: Particle MMD of carnotite ore dust was 1.4 uw, that of UOs was estimated to be approximately 
1 4; particle MMD’s of UOz and UsOs were 0.5 u. 


It is possible also that the significant gross lung damage in the terminally killed 
rats of this carnotite study was in part the result of vanadium intoxication, but 
Rothstein * reported gross evidence of consolidation and hemorrhage in the lungs of 
serially killed rabbits following inhalation of UOs. 


10. Wilson, H. B., and Sylvester, G.: The Effects of Exposure of Rabbits and Rats to 
Inhalation of Uranium Dioxide Dust at 22 Mg./M.% Concentration and 0.5 » Particle Size, Local 
Project Report, 1948. 

11. Wilson, H. B., and Sylvester, G.: The Effects of Exposure of Rabbits and Rats to 
Inhalation of UsO, Dust at Approximately 80 Mg./M.° Concentration and 0.5 # Mass-Median 
Size, Local Project Report, 1951. 

12. Daniel, E., and Lillie, R. D.: Experimental Vanadium Poisoning in the White Rat, Pub. 
Health Rep. 53:765, 1938. 

13. Proescher, R.; Seil, H. A., and Stillian, A. W.: Action of Vanadium, Am. J. Syph. 
1:347, 1917. 

14. Sjéberg, S. G.: Health Hazards in the Production and Handling of Vanadium Pentoxide, 
A. M. A. Arch. Indust. Hyg. 3:631, 1951. 
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SUMMARY 


1. Selected pieces of carnotite ore dust (20% uranium, 5% vanadium) from 
the mill in Durango, Colo., were micropulverized and dispersed in a chamber atmo- 
sphere. Mean concentration was approximately 84 mg./m.*; particle size was 1.39 
# MMD. Rabbits and one goat were exposed for 131 exposure hours during 31 
calendar days; rats were exposed for 137 exposure hours during 32 calendar days. 

2. Ninety-two per cent of the rabbits died; 10% of the rats died. The goat sur- 
vived. 

3. Toxicity was further evidenced in the rabbit by weight loss, by sharp eleva- 
tion of blood nonprotein nitrogen and of urinary protein, and by renal tubular 
damage; in the rat by weight loss, by renal tubular damage, and by gross lung 
damage, and in the goat by renal tubular damage. 


4. Mean deposits of uranium and vanadium in the rat lungs (in the terminally 
killed rats 370 and 146 y per gram of fresh tissue, respectively) were 50 to 300 
times as great as corresponding amounts in the femur and kidney. The same was 
true for uranium in the tissues of rabbits and the goat. Deposits of uranium and 
vanadium in the rat lungs increased linearly with exposure hours. 

5. The only hematologic finding of interest was basophilic stippling in two of the 
rabbits. 

CONCLUSIONS 

Carnotite ore dust inhaled by animals under the conditions of this experiment is 
highly toxic to the rabbit, moderately toxic to the rat, and slightly toxic to the goat. 
The toxicity is characteristic of uranium poisoning and in degree resembles that of 
UOs closely. 


The preparation of this paper was made possible through the suggestions and encouragement 
given by Prof. Harold C. Hodge, the critical examination of the report by Dr. Charles J. Spiegl, 
and the contributions of the following: Catherine Stroud and Hazel Church, hematology; Betty 
Ashworth, clinical chemistry; Kenneth E. Lauterbach, physical and chemical properties of 
carnotite ore; Sidney Laskin, particle-size standards; Stanley Dziuba, tissue analyses (uranium) ; 
L. T. Steadman, tissue analyses (vanadium) ; James O’Brien, tissue sampling; James K. Scott, 
pathology, and Ray Kesel and staff, animal care. 
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TOXICITY OF BUTYL STEARATE, DIBUTYL SEBACATE, DIBUTYL 
PHTHALATE, AND METHOXYETHYL OLEATE 


CARL C. SMITH, Ph.D 
CINCINNATI 


HE PROJECTED use of butyl stearate, dibutyl sebacate, dibutyl phthalate, 

and methoxyethyl oleate in food-wrapping films and the possible contamination 
of certain foods with such plasticizers led to a study of the potential hazards of 
ingesting these materials. This report deals with an investigation of the toxicity 
of the above compounds for the white rat. The investigation included a study of 
the acute toxicity of butyl stearate, dibutyl sebacate, dibutyl phthalate, and methoxy- 
ethyl oleate, a one-year study of the chronic toxicity of dibutyl sebacate, dibutyl 
phthalate, and methoxyethyl oleate, a two-year study of the chronic toxicity of 
butyl stearate and dibutyl sebacate, and the effects of the latter compounds on 
reproductive activity. Rats totaling 642 in number were used in these experiments. 


In addition, a limited study of the effects of pancreatic lipase on these plasticizers 
was carried out. 


MATERIALS AND METHODS 


Acute Toxicity of Butyl Stearate, Dibutyl Sebacate, Dibutyl Phthalate, and Methoxyethyl 
Oleate—Some 300 male rats,' five to six weeks old and weighing 60 to 75 gm., were employed 
in these studies. Undiluted butyl stearate, dibutyl sebacate, dibutyl phthalate, and methoxyethyl 
oleate were administered orally, intraperitoneally, and subcutaneously in doses ranging from 
1 to 32 gm. per kilogram of body weight. Necropsies were performed on all rats that died. 
Surviving animals were weighed daily for seven days; those on the highest doses were then 
killed and examined for evidence of gross pathologic changes. 

One-Year Study of the Chronic Toxicity of Dibutyl Sebacate, Dibutyl Phthalate, and 
Methoxyethyl Oleate—Groups of 10 rats were fed these plasticizers in dietary concentrations 
of 0.01, 0.05, 0.25, or 1.25%; a control group of 10 rats received the basal ration (ground 
“purina” dog chow) without supplement. Male rats,! five weeks old and weighing 55 to 65 gm., 
were employed. Body weights, food, and plasticizer intakes were measured daily during the first 
three months of the study, weekly thereafter. Hematologic studies (hemoglobin, total erythro- 
cyte, and total and differential leucocyte counts) were made after the compounds had been fed 
for three, six, and nine months. Necropsies were performed whenever rats exhibited marked 
losses in weight or other evidences of severe intercurrent infection. At the end of one year the 
remaining animals were killed and examined for gross pathologic changes. Portions of the lungs, 
heart, liver, spleen, adrenals, kidneys, stomach, small intestine, thyroid, and brain were fixed 
in formalin, sectioned from paraffin, and stained with hematoxylin and eosin. 


From the Christ Hospital Institute of Medical Research. 


This research was supported in part by a grant from the Goodyear Tire and Rubber 
Company. 


1. The rats were of the Sprague-Dawley strain. 
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Two-Year Study of the Chronic Toxicity of Butyl Stearate and Dibutyl Sebacate—These 
substances were administered in dietary concentrations of 0.01, 0.05, 0.25, 1.25, or 6.25% to 
groups of 16 male rats,! five to six weeks old; two additional groups were fed the control diet. 
Body weights and food intakes were measured twice weekly during the first three months, there- 
after at weekly intervals. Hematologic studies were made at the end of 6, 12, 18, and 24 months. 
Necropsies were performed on three representative rats from each group at the end of one year, 
and the experiment was terminated at the end of the two-year feeding period. In the interval 
between one and two years, animals were killed whenever they approached a state of debility 
which suggested that death might be imminent. In such instances the rats usually had incapac- 
itating tumors or severe intercurrent infections. Whenever an animal was killed, smears of 
peripheral blood and bone marrow were examined, and sections of various organs were prepared 
for microscopic study, as described above. 

Effects of Butyl Stearate and Dibutyl Sebacate on Reproduction and Growth of Offspring.— 
Groups of 20 male and 20 female rats,! five to six weeks of age, were fed diets containing 6.25% 
butyl stearate or dibutyl sebacate for 10 weeks and then mated. A control group of 12 male and 
12 female rats of the same age were fed the basal ration for 10 weeks and mated. Females when 
pregnant were transferred to individual breeding cages, and the date of parturition and the 
number of young in each litter were recorded. Litters were weaned 21 days post partum, and the 
weights of the weanlings determined. From each of the three groups of weanlings (those on 


TasBLe 1—Acute Toxicity for the Rat éf Butyl Stearate, Dibutyl Sebacate, 
Dibutyl Phthalate, and Methoxyethyl Oleate 


Number of Deaths per Number in Group 


Dose—Gm./Kg. of Body Weight 
Route of -- 
Compound Administration 4 8 16 32 
Butyl stearate...........- Oral 0/6 (—)* 0/15 (—) 0/6 (—) 0/15 (+) 
Subcutaneous 0/6 (—) 0/15 (—) 0/6 (—) 0/15 (—) 
Intraperitoneal 0/6 (—) 0/15 (—) 0/6 (—) 0/15 (—) 
Dibutyl sebacate.........- Oral 0/3 (—) 0/9 (+) 0/6 (+) 6/6 (0) 
Intramuscular 0/3 (—) &) 
Dibutyl phthalate......... Oral 0/3 (—) 4/9 (+) 6/6 (0) 6/6 (0) 
Intramuscular 0/3 (—) O/B ii 
Methoxyethyl oleate...... Oral 0/3 (+) 0/9 (+) 2/5 (++) 6/6 (+++) 


* The symbols in parentheses are approximations of the effects of sublethal doses on growth, graded 
from no effect (—) to marked inhibition of growth (+++); 0 indicates that the rats succumbed too quickly 
to exhibit significant changes in growth. 


butyl stearate and dibutyl sebacate and the controls), 24 males and 24 females were chosen at 
random, and for the next 21 days these young were fed the same diet as had been ingested by 
their parents. Diet intakes and body weights were recorded daily; 21 days after weaning, the 
rats were killed and autopsies were performed. 

Hydrolysis of Dibutyl Sebacate, Dibutyl Phthalate, and Methoxyethyl Oleate by Pancreatic 
Lipase——Emulsions of dibutyl sebacate, dibutyl phthalate, methoxyethyl oleate, and olive oil 
were prepared by suspending 5 gm. of each ester in 100 ml. of 10% acacia solution. To three 
25 ml. aliquots of each emulsion, 10 ml. of a 10% crude pancreatic lipase solution were added; 
the fourth aliquot was diluted with 10 ml. of distilled water. One from each set of enzyme- 
substrate mixtures was titrated after 24, 48, and 96 hours of incubation, using 10% alcoholic 
KOH and an external indicator. The fourth portion containing water was incubated for 96 hours 
and titrated, the value obtained representing the correction for nonenzymatic hydrolysis. 


RESULTS 


1. Acute Toxicity of Butyl Stearate, Dibutyl Sebacate, Methoxyethyl Oleate, 
and Dibutyl Phthalate—The results in Table 1 indicate that single oral doses of 
butyl stearate as large as 32 gm. per kilogram of body weight were tolerated without 
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lethal effects. For dibutyl sebacate, the maximum tolerated oral dose was 16 gm. ; 
for methoxyethyl oleate, 8 gm., and for dibutyl phthalate, 4 gm. per kilogram. The 
data on parenteral toxicity of these compounds are limited; available information 
suggests, however, that parenteral toxicity is no greater than oral. Of the four 
compounds, only methoxyethyl oleate produced significant inhibition of growth fol- 
lowing single sublethal doses, the degree of inhibition being related to the amount 
of methoxyethyl oleate administered. Increased perspiration was a uniform occur- 
rence in all rats which were given butyl stearate in a dose of 32 gm. per kilogram ; 
the reaction was evident five minutes after the compound was administered and per- 


DIBUTYL SEBACATE DIBUTYL SEBACATE 
| METHOXYETHYL OLEATE 


125% DIET 
* 0.0% 
° 0.25% 


x L25% 


2 4 3 20 40 
DIBUTYL PHTHALATE | 


IN| GRAMS 
8 


IN MG/KG 


0.25% DIET 


INTAKE 


4 
> 
O 


8 10 


DAILY 


0.05% DIET 


0.01% DIET 


4 
IN| WEEKS 


Chart 1—Effects on growth and survival of rats and corresponding diet intakes, following 
administration for one year of dibutyl sebacate, dibutyl phthalate, and methoxyethyl oleate. 


sisted for one to two days. No gross pathologic changes were noted in any of the 
animals employed in the acute toxicity studies. 


2. One-Year Study of the Chronic Toxicity of Dibutyl Sebacate, Dibutyl 
Phthalate, and Methoxyethyl Oleate— The results obtained after administration of 
these substances in the diet for one year are presented graphically in Chart 1. 
Dibutyl sebacate had no effect on growth or well-being at any dietary level employed 
(0.01 to 1.25%). In a dietary concentration of 0.25% or lower, dibutyl phthalate 
did not affect growth or survival; however, at a concentration of 1.25% half of the 
group succumbed during the first week of the experiment; the remaining animals 


Sh. i 
a 
200 
4 
200 
~ 
300 
200 a 
0.0% 
° 0.25% 
x 125% 60 
300 14 
t 
= x 
200 10 
100k, 7 0.25% 6 
TIME 


SMITH—TOXICITY OF PLASTICIZERS 313 


gained weight essentially as well as did the controls. Methoxyethyl oleate at a con- 
centration of 0.01% in the diet had no deleterious effects, but a dietary concentra- 
tion of 0.05% produced a slight but significant reduction in growth rate, and at a 
concentration of 0.25% there was definite suppression of growth. Six of 10 rats 
receiving 1.25% methoxyethyl oleate succumbed, one animal each after treatment 
for 24, 3, 424, 7%, 8%, and 10 months. No specific pathology was noted in the 
first three animals ; the latter three had calculi in the renal pelves. The composition 
of these calculi was not completely established ; it was shown, however, that they 
were predominately organic in nature (more than 80% ) and contained only traces 
of uric acid. The possibility of renal precipitation of methoxyethyl oleate or a 
metabolic derivative must therefore be considered. 


600 
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500+ 
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2000) 
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Chart 2.—Effects on growth of rats and corresponding diet intakes, following administration 
for two years of butyl stearate and dibutyl sebacate. 


The data in Chart 1 show that the amounts of the three plasticizers consumed 
were essentially the same and that over the course of the experiments the intake 
curves followed a similar pattern. Thus, as the rats increased in size, the daily food 
and plasticizer intakes expressed on a per kilogram of body weight basis fell pro- 
gressively. When the diet contained 0.01% plasticizer, the intakes ranged from an 
initial value of about 14 mg. per kilogram to 4.5 mg. per kilogram at the end of one 
year ; at a level of 0.05% the intakes ranged from 75 to 22 mg., at a level of 0.25% 
from 350 to 110 mg., and at a level of 1.25% from 1,600 to 525 mg. per kilogram. 

None of the three compounds produced significant changes either in the number 
or in the distribution of formed elements in the peripheral blood. Furthermore, the 
inclusion of the highest tolerated amounts of dibutyl sebacate, dibutyl phthalate, and 
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methoxyethyl oleate in the diet did not give rise to any specific gross pathologic 
changes other than the renal calculi noted above in three rats which received 1.25% 
methoxyethy! oleate. 


TasLe 2.—Effects of Butyl Stearate and Dibutyl Sebacate on Body Weight, Survival, 
and Formed Elements of Peripheral Blood* 


Mean Body Weight, Gm. 


Plasticizer Month of Experiment 
= 


12 18 
Butyl Stearate 
456 (16) 493 (14) 564 (11)t 
450 (15) 516 (13) 
466 (16) 520 (16) 


Dibutyl Sebacate 
467 (16) 513 (15) 
455 (16) 498 (16) 
455 (16) 508 (15) 


* Figures in parentheses represent number of surviving animals in each group. 
t Three rats from each group killed at 12 months. 


Hematologic Findings ¢ 


Plasticizer 
in Diet, Erythrocytes Hemoglobin Leucocytes 
% 10°/Cu. Mm. Gm./100 Ml. 108/Cu. Mm. 


Butyl Stearate 
148+ 08 7812 
4.2+09 811.9 
79215 
Dibutyl Sebacate 
0.9 10.9 + 2.6 


14.7 + 0.6 9.31.6 
14.7 +08 3.0 


Leucocy tes, % 


—, 

Neutrophiles 

Plasticizer — — 

in Diet, Nonseg- Lympho- Mono- Eosino- 
% mented Segmented Total cytes cytes philes 


Butyl Stearate 
1.0 24.6 71.0 
25.8 70.2 


244 72.5 


Dibutyl Sebacate 


} Data on all animals surviving 18 months; mean + standard deviation. 


3. Two-Year Study of the Chronic Oral Toxicity of Butyl Stearate and Dibutyl 
Sebacate——The results of the two-year study of the toxicity of butyl stearate and 
dibutyl sebacate have been summarized with respect to (1) effects on growth, (2) 
effects on survival, (3) hematologic findings, and (4) pathologic changes observed. 
Only data on the control groups and on those receiving the two highest doses of 
butyl stearate and dibutyl sebacate (1.25 and 6.25%) are reported; the findings for 
the other groups were not significantly different. 


% 0 23 
66 (16) 530 (5) 
65 (16) 575 (11) 540 (5) 
65 (16) 548 (12) 510 (5) 
65 (16) 575 (11) 535 (6) 
7ALOS 
78+10 
2.5 15 
17 22.0 23.7 72.5 2.6 1.2 
1.6 26.9 28.5 68.8 2.5 12 
ch 1.0 22.9 23.9 73.4 19 0.8 
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The data in Chart 2 and Table 2 indicate that at dietary intakes of 1.25 or 
6.25% neither butyl stearate nor dibutyl sebacate affected growth or survival 
adversely. The daily drug consumption followed the same general pattern as in the 
one-year study. As shown by the data in Table 2, neither compound produced sig- 
nificant hematologic changes in peripheral blood. In addition, blood counts made at 
periods other than those listed in Table 2 and on the other groups revealed no sig- 
nificant hematologic effects. As the rats increased in age, slight changes in distribu- 
tion of leucocytes were found, but these trends occurred in both the control and the 
treatment groups. 

Differential counts on bone marrow smears obtained from rats killed after 12 
months’ and after 23 and 24 months’ treatment offered no indication that ingestion 
of butyl stearate or dibutyl sebacate for these periods significantly affected either 
cellular distribution or the myeloid-erythroid ratio. As in peripheral blood, slight 


TABLE 3.—Incidences of Pathologic Lesions at Necropsy 


Number of Rats 
— 


Gross Pathologie Lesions 


Plasticizer Preputial Ear’ Tumors, 
in Diet, Necropsies, Pneu- Renal Gland Infee- d 
%o vo. None monitis Disease Infection tion Arteritis Types Other 


Butyl Stearate 


0.0 16 3* 9 6 3 1 1 2 
0.01 15 3* 6 4 1 1 2 3 
0.05 16 3* 5 7 4 0 2 3 
0.25 16 3* 8 5 3 1 4 2 
1.25 15 2 7 4 3 1 1 0 
6.25 i 7 5 3 3 2 


0.0 4 3* 6 3 3 1 1 2 
0.01 4 4* 4 8 2 2 2 1 2 
0.05 15 3* 7 6 2 2 2 1 2 
0.25 16 3* 9 6 5 1 2 1 2 
1.25 16 3* 4 5 3 2 3 3 2 
6.25 16 3* 10 6 2 2 1 3 2 


* Includes the three rats killed at 12 months. 


modifications in the cellular composition of the marrow appeared as the rats became 
older ; however, the occurrence of these changes was unaffected by the administra- 
tion of either plasticizer. 

Incidences of gross pathologic lesions in animals killed at various times during 
the experiment are summarized in Table 3. The principal lesions noted at necropsy 
were the following: (1) acute and chronic inflammatory changes in the lungs; (2) 
“nephrosis” in which the kidneys were enlarged and tan in color, and (3) fatty 
changes in the liver. Certain other pathologic changes, such as tumors, infections 
of the ear and preputial glands, and an arteritis similar to periarteritis nodosa, 
occurred less frequently. These pathologic changes were found primarily in older 
rats, their incidence rising rapidly in animals surviving more than 20 months. As 
shown in Table 4, the incidence of these gross lesions was not related in any way 
to the plasticizer content of the diets. 


In addition to gross pathologic observations, detailed histopathologic studies 
were made on all animals in the control groups and in the groups fed 1.25 or 6.25% 


3 
1 
4 
3 
1 
2 

Dibutyl Sebacate 
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butyl stearate or dibutyl sebacate. In all, some 750 tissues were examined. Heart 
muscle, stomach, spleen, small intestine, bladder, thyroid, and adrenal gland exhib- 
ited only minor and insignificant changes. In lungs, liver, and kidneys, pathologic 
changes were observed frequently. The lesions in the lungs were for the most part 
typical of the chronic rat pneumonia (or pneumonitis) described by Saxton * and 
others in old rats. The principal finding in the liver was fatty infiltration, usually 
diffuse in distribution ; occasionally there was necrosis of the hepatic cells surround- 
ing a central vein. The kidney changes found in this series of rats were typical of 
the lesions described by Saxton * and others in old rats and referred to as chronic 
nephrosis. 

One other finding merits comment. This was an arteritis similar in gross and 
microscopic appearance to the periarteritis-nodosa-like lesions described by Wilens 
and Sproul * and others in old rats and by Smith, Zeek, and McGuire * and many 
others in young adult rats with experimental hypertension. The lesions varied in 
severity from early questionable changes in one or two small areas to widespread 
involvement of many of the smaller arteries. In cases of widespread involvement, 


Taste 4.—Summary of Effects of Butyl Stearate (BS) and Dibutyl Sebacate (DBS) 
on Reproduction and Growth of Offspring 


Number of Rats per Litter Weight Gain 21 Days 
Number of — A ~, Weight at Weaning After Weaning 
Females At Weaning Mean + Standard Mean + Standard 
Plasticizer 9————--—__, At Birth (21 Days) Deviation Gm. Deviation Gm. 
in Diet, In Bearing - “~ A A 
% Group Young Mean Range Mean Range Male Female Male Female 
None 12 12 9.6 6-12 8.8 6-11 “4+8 43+9 no+15 95 + 10 
6.25 BS 20 20 10.5 6-13 9.3 3-11 39 + 6* 37 + 6t 101 + 10° 8+ 7 
6.25 DBS 20 20 9.0 6-11 7.5 2-11 38 + St 36 + St sit &t 63> 7+ 


* P=>0.01; < 0.05. 
4+P=< 001, 


the lesions were particularly prominent in arteries supplying the small intestines, 
pancreas, spleen, and testes. 

None of the histopathologic changes described above, however, appeared more 
frequently among animals receiving butyl stearate or dibutyl sebacate than they did 
in the control group. 


4. Effects of Butyl Stearate and Dibutyl Sebacate on Reproduction and Growth 
of Offspring—tThe results in Table 4 show that ingestion of a diet containing 
6.25% butyl stearate or dibutyl sebacate had no adverse effect on fertility, on the 
size of the litter, or on survival of the offspring. At this high concentration, both 
plasticizers significantly retarded growth during the preweaning and postweaning 
periods, the retardation produced by dibutyl sebacate being greater than that caused 
by butyl stearate. However, no gross pathologic changes were found among young 
rats killed at the end of the 21-day postweaning period. 


2. Saxton, J. A., and Kimball, G.: Relation of Nephrosis and Other Diseases of Albino 
Rats to Age and to Modifications of Diet, Arch. Path. 32:951-965, 1941. 

3. Wilens, S. L., and Sproul, E. E.: Spontaneous Cardiovascular Disease in the Rat: 
II. Lesions of the Vascular System, Am. J. Path. 14:201-216, 1938. 

4. Smith, C. C.; Zeek, P. M., and McGuire, J.: Periarteritis Nodosa in Experimental Rats 
and Dogs, Am. J. Path. 20:721-735, 1944. 
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5. Hydrolysis of Dibutyl Sebacate, Dibutyl Phthalate, and Methoxyethyl Oleate 
by Pancreatic Lipase—In order to elucidate further the metabolic fate of these 
esters, preliminary in vitro experiments were conducted in which the hydrolysis of 
these substances by crude pancreatic lipase was compared with the hydrolysis of tri- 
olein. The enzyme preparation split dibutyl sebacate, dibutyl phthalate, and meth- 
oxyethyl oleate at least as rapidly as it hydrolyzed triolein. These findings confirm 
similar studies by Balls and Matlack,’? who found that pancreatic lipase split butyl 
stearate more rapidly than tristearin. It was concluded that these plasticizers are 
probably transported and metabolized via the same pathways utilized in normal fat 
metabolism. Perhaps this partially explains the absence of specific toxic effects, 
except in those groups of rats which received the highest doses of methoxyethyl 
oleate and dibutyl phthalate. 


COMMENT 


In considering the potential hazard of a substance for human consumption, one 
useful procedure consists in calculating the so-called safety factor or ratio of the 
maximum tolerated daily dose in animals to the amount which a person might ingest 
per day. The latter amount can be calculated by assuming, for example, that a man 
weighing 68 kg. (150 Ib.) eats 454 gm: (1 Ib.) of packaged bacon each day. The 
film (80 gauge pliofilm”) in contact with a pound of bacon would weigh about 1.33 
gm. and would contain about 0.1211 gm. of butyl stearate (100 parts of rubber 
hydrochloride to 10 parts of butyl stearate ).° If all of the butyl stearate in the film 
were extracted by the meat, the man would ingest about 1.78 mg. of butyl stearate 
per kilogram of body weight. The data in Chart 2 indicate that rats will tolerate 
without toxic effects from 2,500 to 6,000 mg. of butyl stearate per kilogram daily ; 
therefore, the minimum safety factor in this example would be something in excess 
of 1,400. 

This value for the safety factor of butyl stearate is probably conservative, since 
measurements of the physical characteristics of films after contact with fatty meats, 
such as bacon, suggest that such films lose only about 10% of their plasticizer con- 
tent, rather than 100% as was assumed above. A daily human dose of less than 0.2 
mg. per kilogram would appear to present little, it any, potential hazard, since rats 
chronically tolerated more than 14,000 times this amount without toxic effects. 

Dibutyl sebacate would have about the same safety factor as butyl stearate when 
used in similar concentrations in films. The corresponding safety factors for dibutyl 
phthalate and methoxyethyl oleate would be smaller, because these compounds were 
not as well tolerated by rats. 


SUMMARY AND CONCLUSIONS 


1. Four plasticizers, butyl stearate, dibutyl sebacate, dibutyl phthalate, and meth- 
oxyethyl oleate, have been examined for acute and chronic toxicity in rats. 


2. The acute lethal oral dose of butyl stearate was greater than 32 gm. per kilo- 
gram. For dibutyl sebacate the lethal oral dose was between 16 and 32 gm. per 


5. Balls, A. K., and Matlack, M. B.: Mode of Action of Pancreatic Lipase, J. Biol. Chem. 
123 : 679-686, 1933. 


6. Personal communication to the author from P. J. Vaughn, Goodyear Tire and Rubber 
Company. 
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kilogram ; for methoxyethy! oleate the dose was approximately 16 gm. per kilogram ; 
and for dibutyl phthalate it was about 8 gm. per kilogram. The compounds were no 
more toxic when given parenterally. 

3. When administered chronically in the diet, the maximum concentration which 
did not significantly reduce normal growth was more than 6.25% in the case of 
butyl stearate and dibutyl sebacate. For dibutyl phthalate the concentration was 
0.25%, and for methoxyethyl oleate it was 0.01 to 0.05%. 

4. Butyl stearate, dibutyl sebacate, and dibutyl phthalate in the highest dietary 
concentrations employed did not provoke specific gross or microscopic pathologic 
changes. Renal calculi were found in three of seven rats fed 1.25% methoxyethy]l 
oleate for more than six months. 

5. Butyl stearate or dibutyl sebacate in dietary concentrations of 6.25% had no 
adverse effect on fertility or the number of viable young in the litter. Both sub- 
stances in this concentration slightly but significantly retarded growth of young ; the 
effects of dibutyl sebacate were more pronounced than those of butyl stearate. 

6. Preliminary in vitro experiments indicated that dibutyl sebacate, dibutyl 
phthalate, and methoxyethyl oleate were hydrolyzed by pancreatic lipases as rapidly 
as triolein. This finding suggests that these plasticizers are metabolized in the 
body in much the same way as the fat normally ingested in the diet. 

7. Based on these data in rats, butyl stearate and dibutyl sebacate when incor- 
porated in films for wrapping foods appear to possess little, if any, potential hazard 
for humans, the calculated safety factor being in excess of 1,400. 


Technical assistance was rendered by Mary N. Appel, Isabel Handley, and Gene Byrd. 
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BLOOD AND URINE CHANGES IN EXPERIMENTAL 
BERYLLIUM POISONING 
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FEW years ago, the discovery of a number of cases of pulmonary granulo- 

matosis among workers handling compounds of beryllium aroused consider- 

able alarm. Because of the high mortality among patients suffering from chronic 

beryllium poisoning, various laboratories studied the human clinical manifestations 

extensively ; unfortunately the best criterion of damage is the chest roentgenograph 
which gives positive evidence only late in the development of the disease. 


Our laboratory, among others, attempted to produce in animals responses similar 
to those found in human beings, to elucidate the biochemical mechanisms attendant 
to this disease, and to delineate as well as possible the atmospheric concentrations 
of beryllium compounds that might represent safe levels. We have studied the effects 
of certain soluble and insoluble beryllium compounds in as many as 12 species of 
animals exposed for periods of from 15 days to one year; the routes of adminis- 
tration included inhalation, injection, and ingestion. Acute beryllium poisoning 
has been well characterized ; this disease is comparable in man and in experimental 
animals. The chronic pulmonary granulomatosis so far has not been duplicated in 
experimental animals. In the course of the experiments many biochemical tests 
have been applied ; with but few exceptions, however, the routine clinical biochemical 
tests were either negative or equivocal. In this paper, we present the results of two 
nonroutine, research-type tests that appear to offer promise for further investigation. 


I. RED BLOOD CELL LIPIDS 


The concentration of blood lipids in beryllium poisoning had not been extensively 
studied previously, but because (1) there were indications among sufferers from 
chronic beryllium poisoning of a possible interference in steroid metabolism and 
because (2) there was in patients an anoxia that might be a result of changes 
within the red blood cell, it seemed profitable to investigate this field. 


The paper was presented at the Thirteenth Annual Meeting of the American Industrial 
Hygiene Association in Cincinnati, April 24, 1952. 

From the Division of Pharmacology and Toxicology, Department of Radiation Biology, 
University of Rochester School of Medicine and Dentistry. 

This paper is based on work performed under contract with the United States Atomic Energy 
Commission at the University of Rochester Atomic Energy Project. 
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A. Methods.—Basically, the methods of analysis followed the extractive and 
oxidative techniques of Bloor? and the Schoenheimer and Sperry * method for the 
determination of cholesterol, which itself is based upon the Lieberman-Burchard 
color reaction. Modifications suggested by Brown* and Boyd* as well as many 
modifications peculiar to our own laboratory were incorporated into the original 
procedures. Detailed methods of analysis of red blood cells and plasma for phospho- 
lipids, total and free cholesterol, and total fatty acids, together with the calculation 
factors, are given in a previous publication °; included also are lipid partition data 
for normal rabbits. 

In our experience, even with scrupulous attention to details of analysis, replica- 
tion was advisable. Consequently, all the values for blood lipids given in this paper 
are the averages of triplicate or sometimes quadruplicate analyses. 

B. Results—Only the phospholipid and free cholesterol concentrations of the 
red blood cells of dogs were investigated during this study. Work with rabbits * had 
shown that the components of the red blood cell were less influenced by environ- 
mental or nutritional factors than were those of the plasma and that the ratio of 
phospholipid to free cholesterol was a stable biological characteristic in normal ani- 
mals, 


Tas_e 1—Control Values in Dog Red Blood Cell 


Standard 
Values,* Concentration, Deviation, 
No. Mg. per 100 Ce. Mg. per 100 Ce. 
Phospholipid-free cholesterol ratio.............eeeee0- 26 2.61 0.15 


* Each value represents three or four replicate analyses. 


1. Control: Phospholipid and free cholesterol concentrations of the red blood 
cells of dogs of our colony were determined under a variety of conditions on ani- 
mals fasted overnight. Thus, the average control values represented analyses for 
12 dogs which ranged from a single sample to biweekly samples taken over several 
months and encompassing both warm and cold seasons of the year (Table 1). 

In addition to normal controls, dogs were studied under the conditions of ex- 
posure by inhalation; the animals were exposed for six hours per day, five days 
per week but were subjected to such low atmospheric concentrations of beryllium 
compounds that little acute toxic response was expected. Four dogs exposed to 
beryllium sulfate at 50y Be/m.* showed in 20 determinations no phospholipid-free 


1. Bloor, W. R.: The Determination of Small Amounts of Lipid in Blood Plasma, J. Biol. 
Chem. 77:53, 1928; The Oxidative Determination of Phospholipid (Lecithin and Cephalin) in 
Blood and Tissues, ibid. 82:273, 1929. 

2. Schoenheimer, R., and Sperry, W. M.: A Micromethod for the Determination of Free 
and Combined Cholesterol, J. Biol. Chem. 106:745, 1934. 

3. Hunter, M. O.; Knouff, R. A., and Brown, J. B.: Microdetermination of Tissue Lipides, 
Ohio J. Sc. 45:47, 1945. 


4. Boyd, E. M.: The Oxidative Micro-Estimation of Blood Lipids, Am. J. Clin. Path., Tech. 
Supp. 2:77, 1938. 
5. Spiegl, C. J.; La France, L., and Ashworth, B. J.: Selected Blood and Urine Changes 


in Experimental Beryllium Poisoning, Unclassified Report UR-225, Rochester Atomic Energy 
Project, Rochester, N. Y., 1952. 
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cholesterol ratios greater than 2 standard deviations (o) from the normal and only 
4 greater than lo. Beryllium oxide at 3.6 mg. Be/m.* produced only 1 value above 
2o in 23 determinations on four dogs. Beryllium fluoride at 10 mg. Be/m.* during 
the relatively short time of nine days produced no changes in the ratio in four dogs, 


25 Be/KG 


50 Be /KG 


100uG Be/KG 


NUMBER OF STANDARD DEVIATIONS 
FROM NORMAL 


10 i} 20 40 45 


DAYS AFTER INJECTION 


Chart 1—Phospholipid-free cholesterol ratio in red blood cells of dogs receiving injections of 
beryllium sulfate. 
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Chart 2.—Phospholipid-free cholesterol ratio in red blood cells of dogs exposed by inhalation 
to beryllium sulfate at 1.5 mg. of beryllium per cubic meter of air. 


despite some evidence of acute pulmonary inflammation in all four animals and 
self-imposed starvation in one. In all of the above cases, other biomedical criteria 
of toxicity were likewise negative. 
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2. Beryllium Sulfate—Toxic Doses: (a) Injection. A single injection of beryl- 
lium sulfate into the femoral vein of each of five dogs produced changes in the red 
blood cells of these animals. The doses ranged from 25y Be/kg. to 400, Be/kg., 
and the degree of response in the ratio of phospholipids to free cholesterol followed 
at least semiquantitatively the size of the dosage (Chart 1). (It should be noted 
that results are here expressed not in terms of absolute units but as standard 
deviations from the normal, with the usual implication that if a sufficiently large 
normal population were sampled only 31.7% would differ by lo or more from a 
properly determined mean in a normal distribution, only 4.5% by + 2c or more, 
and only 0.3% by + 30 or more.) In this experiment, all values were within lo 
of the mean before the beryllium injection. There was a small transitory drop 
by the fourth day after injection. Thereafter, however, there was a pronounced fall ; 
four of five values were greater than 20, one being greater than 30 from the mean 
on the 21st day. At the end of the experiment on the 42d day, the ratios were still 
depressed and perhaps fortuitously aligned in accordance with the dosage. 

(b) Inhalation. Five dogs exposed for six hours per day, five days per week 
to an atmosphere of beryllium sulfate mist containing 1.5 mg. Be/m.* showed 
changes in the red cell phospholipid-free cholesterol ratio consistent with the findings 
from the injection experiment (Chart 2). Significant decreases in the ratio were 
much later in appearing, but they showed a constant downward trend until the end 
of the experiment at 35 days. Three of the five animals showed decreases of 2 to 
40 from the mean, and a fourth showed a decided downward trend, but it died soon 
after the start of the exposure. The fifth animal gave anomalous results. 

These results are sufficiently regular to justify studies of the phospholipid-free 
cholesterol ratio in acute beryllium poisoning and raise a question as to whether 
changes might also be found in chronic granulomatosis. 


II. URINARY URIC ACID AND CREATININE 


It is probable that beryllium compounds, in addition to producing pulmonary 
manifestations, also have a systemic effect, with the locus of action in the endocrine 
system. In order to test this hypothesis, two dogs received injections of beryllium 
sulfate, followed a few days later by injections of corticotropin.® Determination 
of urinary uric acid and creatinine, as suggested by Forsham and associates,’ 
offered promise as indicators of beryllium poisoning. 


A. Methods——The methods employed were standard clinical procedures applied 
to overnight samples of urine. Creatinine was determined by Folin’s method as 
adapted for photoelectric measurement, and uric acid was determined by the in- 
direct silver nitrate precipitation, as described by Folin.® 


6. Supplied through the courtesy of Dr. John R. Mote, of the Armour Laboratories. 

7. Forsham, P. H.; Thorn, G. W.; Prunty, F. T. G., and Hills, A. G.: Clinical Studies 
with Pituitary Adrenocorticotropin, J. Clin. Endocrinol. 8:15, 1948. Forsham, P. H.; Thorn, 
G. W.; Bergner, G. E., and Emerson, K., Jr.: Metabolic Changes Induced by Synthetic 11- 
Dehydrocorticosterone Acetate, Including Comparative Studies with Synthetic Desoxycorticos- 
terone Acetate, Natural 17-Hydroxycorticosterone and Lipo-Adrenal Cortex (Preliminary 
Report), Am. J. Med. 1:105, 1946. 

8. Hawk, P. B.; Oser, B. L., and Summerson, W. H.: Practical Physiological Chemistry, 
Fd. 12, Philadelphia, The Blakiston Company, 1947. 
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B. Results—1. Control: The urines of a number of dogs were analyzed over 
a period of several months in order to establish a statistically valid mean and 
standard deviation. At the same time, the urines of four dogs subjected to the 
conditions of exposure but to only a very low level of beryllium sulfate (4y Be/m.*) 


TaBLeE 2—Uric Acid-Creatinine Ratio in Urine of Dogs 


Low Level BeSO« 
Normal Values 47 Be/M. 


Mean ratio X 100 7.71 
Standard deviation 6 2.16 


t=0.74 
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S.D.(_213) 21.77 


Chart 3.—Uric acid-creatinine ratio in urine of dogs exposed by inhalation to beryllium 
fluoride at 1 mg. of beryllium per cubic meter of air. 


were followed during a 14-month interval. The premise that the chosen level of 
BeSO, constituted an exposure-control under the conditions of our experiment 
was confirmed by statistical analysis which showed that the data from the unused 
dogs of our colony and the data from the dogs in the exposure chambers could 
have been derived from one population (Table 2). This was not contradicted by 
any other biomedical tests, and consequently the values obtained were accepted as 
control figures. 

2. Beryllium Fluoride: (a) Inhalation. Four dogs were exposed daily for six 
hours to a concentration of 1 mg. Be/m.* introduced into the atmosphere as beryl- 
lium fluoride. Before the exposure, all the animals in several determinations showed 
well-grouped values of the ratio of urinary uric acid to creatinine. 
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Very shortly after the start of the inhalation of beryllium fluoride, three of the 
animals showed ratios that were considerably elevated. The dog that died on the 
21st day had reached a peak ratio many times as high as any normally encountered. 
The dogs throughout the period of exposure showed urinary uric acid-creatinine 
levels from 3 to 6 or more standard deviations above control levels. The fourth 
animal could not be followed adequately during the experiment for reasons not 
connected with the experiment, and in contrast to the other results the few values 
obtained were within the normal range. 


Within no more than seven days after the termination of exposure, all values 
returned to normal and remained within this range during the following week 
(Chart 3). 


(b) Ina repetition of the test, two dogs exposed daily to the same atmospheric 
concentrations were intended to evaluate further the correlation between changes 
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Chart 4—Uric acid-creatinine ratio in urine of dogs exposed by inhalation to beryllium 
fluoride at 1 mg. of beryllium per cubic meter of air. 


in urinary ratios and exposure to beryllium fluoride. Within 14 days, the uric 
acid-creatinine values had reached three to five times normal values. When one dog 
died at this time, the other was removed from the beryllium-containing atmosphere. 
After just seven days in a normal environment, the animal again showed a normal 
urinary uric acid-creatinine ratio; upon reexposure the rise in ratio again followed, 
although not to quite the same extent. The elevated ratio persisted throughout the 
remaining 56 days of the experiment. These results are shown graphically in Chart 
4 in units of ratio rather than in standard deviations, because the survival of only 
one animal made a statistical treatment of doubtful significance. 


(c) A brief inhalation experiment in which two dogs were exposed to hydrogen 


fluoride suggested that the fluoride ion per se does not have the effect of increasing 
the urinary ratio of uric acid to creatinine. 
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Ill, COMMENT 


A test is urgently needed that will evaluate the exposure of personnel to com- 
pounds of beryllium. In this paper, two new tests, not necessarily related to each 
other, are described in their application to animals; it is believed that a trial of the 
tests with human subjects is warranted. 

The ratio of phospholipid to free cholesterol in the red blood cells of dogs de- 
creases more slowly but more continually after inhalation of beryllium sulfate than 
after injection. This compound, however, probably forms a precipitate or colloid 
at pulmonary pH and is hindered in its mobilization from the lung. After absorption, 
whether the effect of beryllium is upon the red blood cell itself, upon the blood- 
forming organs, or purely secondarily upon the hemopoietic system is not known. 

The investigation of the ratio of urinary uric acid to creatinine appears to offer 
sufficient promise to warrant its extension to human cases. Methods are clinically 
routine and the results with acutely poisoned dogs show that significant increases 
in the ratio closely follow the pattern of exposure. Thus, even if such elevations 
of the uric acid-creatinine ratio are not found in human chronic cases, this index 
might be of value in following the daily or weekly exposures of workers. 

The results obtained in this experiment also seem to add evidence that beryl- 
lium compounds may affect pituitary or adrenal cortex function. Acutely poisoned 
dogs show a pattern of increased urinary excretion of uric acid, like that found 
with human beings after treatment with corticotropin. In addition, it is known 
that injection of corticotropin or cortisone gives temporary symptomatic relief to 
patients suffering from chronic beryllium poisoning. 


IV. SUMMARY 


Two clinical criteria studied in dogs acutely poisoned with beryllium compounds 
by injection or by inhalation have offered promise for further investigation. They 
were as follows: 


1. In the red blood cells, the ratio of phospholipid to free cholesterol decreased 
after administration of beryllium sulfate. 

2. In the urine of dogs exposed to beryllium fluoride, the ratio of uric acid to 
creatinine increased markedly and paralleled closely the course of exposure. 


This report was appraised critically by Prof. Harold C. Hodge, head of the Department of 
Pharmacology, University of Rochester. 


PLANNING A STUDY TO DETERMINE THE EFFECTS OF AIR 
POLLUTION ON HEALTH 
A Review of Methodology 
ARTHUR F. W. PEART, M.D., D.P.H. 
AND 


GORDON H. JOSIE, M.Sc., M.P.H. 
OTTAWA, ONT., CANADA 


OR MANY years now health authorities and industrial and labor groups have 

been striving to improve working conditions and to safeguard the health of 
employees from the hazards of industrial operations. The need for this effort has 
been emphasized by the substantial number of casualties and the loss in man-hours 
which result annually from accidents and exposure to toxic substances while at work. 

A further community problem, which has received considerable attention in 
recent years, is the pollution of the atmosphere. This results from the incomplete 
combustion of various types of fuel and other materials used in industrial processes, 
in domestic heating, and in transportation. The importance of the effects of air 
pollution on the health of human beings, as well as on domestic animals and vegeta- 
tion, has been vividly demonstrated by a number of smog disasters and by various 
accidental fumigations which have occurred in industrialized areas in different parts 
of the world. Such pollution has also had its effect on the safety, economy, beauty, 
and general welfare of the communities concerned. 

The more notable smog disasters include the Meuse Valley episode in Belgium 
in 1930 * and that at Donora, Pa., in 1948.2 Then, more recently, the severest smog 
epidemic of all occurred in London, England, Dec. 5 to 8, 1952,° when hundreds 
of persons died and scores became sick. The full impact of this disaster has not yet 
been reported. Among the many accidental fumigations on record, possibly the best 


This paper was presented at the One Hundred Nineteenth Annual Meeting of the American 
Association for the Advancement of Science, St. Louis, Dec. 29, 1952. 

Chief, Epidemiology Division (Dr. Peart) and Supervisor, Methods and Analysis Section, 
Research Division (Mr. Josie), Department of National Health and Welfare. 

Assistance was given in the preparation of this paper by Dr. Morris Katz, Chairman, 
Canadian Section, and Mr. George D. Clayton, Chairman, United States Section, Technical 
Advisory Board on Air Pollution of the International Joint Commission. 

1. Mage, J., and Batta, G.: Résultats de 18 expertise judiciaire sur la cause des accidents 
dans la vallée de la Meuse pendant les brouillards de Décembre, 1930, Chimie et Ind. 27:961, 
1932. 

2. Schrenk, H. H., and others: Air Pollution in Donora, Pa., Bulletin 306, Federal Security 
Agency, U. S. Public Health Service, 1949. 

3. British Ministry of Health: Personal communication to the author. 
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known is the Poza Rica, Mexico, hydrogen sulfide incident in 1950 * which resulted 
in 22 deaths and caused 320 persons to be hospitalized. Such occurrences result 
when large quantities of gases or volatile liquids are accidentally released into the 
atmosphere. 

For lack of better explanation, deaths from smog exposures have been attributed 
to the synergistic action of various toxic substances in the atmosphere and not to any 
specific agent. This appears to be a reasonable explanation, as more than one toxic 
substance may be present at one time, and in several of the instances cited the 
exposure period was abnormally long, from two to three days or more. 

Need for Research Investigation —lIt is therefore obvious from the dramatic 
warnings of smog disasters and industrial fumigations that there is a real need for 
a research study in this field. More precise measurements of the effect on health 
of prolonged exposure to air pollution are particularly needed. What we require 
today are standard and presumptive methods for detecting and measuring pollution 
in the atmosphere in relation to human health. It may then be possible to establish 
more accurate levels of maximum permissible concentrations for various toxic 
substances in the atmosphere. 

Basic Considerations in Planning a Health Investigation.—It is the prime pur- 
pose of this paper therefore to discuss briefly some of the considerations that would 
come to the mind of the health investigator when faced with the onerous task of 
measuring the effect of air pollution on health. Most of the discussion will include 
an evaluation of various epidemiological methods, techniques, and resources that we 
have at our disposal for such a study and their application to the Detroit River air- 
pollution investigation which is now in progress. 

Once the need for establishing more precise measurements of pollution and 
health has been recognized, the first step in this investigation should be a critical 
analysis of our present state of knowledge about air pollution and the obtaining of 
evidence that a health hazard exists. Certain fundamental questions should be asked, 
such as the following: (1) What types of pollutants are in the air and in what 
amount? (2) Is there any evidence from industrial or other exposures that any of 
these pollutants are injurious to human health? (3) Have we a reliable index of air 
pollution? and (4) Have we a reliable index of ill health from air pollution? 

The first question can largely be answered by the environmental chemist. Three 
main types of polluting substances which originate from incomplete combustion 
have been described.’ These include the following: (a) particulate matter which 
consists of solid particles of carbon, coal, and mineral ash of varying sizes; (b) 
liquid matter which consists largely of carbonaceous tarry substances containing 
compounds such as sulfides and sulfates, and (c) vapors and gases, such as sulfur 
dioxide, oxides of nitrogen, fluorides, chlorine, and ammonia. 

It is well established that toxic elements, such as lead, chlorine, beryllium, and 
others, have been present in the air, both inside and outside of industry, in appre- 


4. McCabe, L. C., and Clayton, G. D.: Air Pollution by Hydrogen Sulfide in Poza Rica, 
Mexico, A. M. A. Arch. Indust. Hyg. 6:199, 1952. 

5. McDonald, J. C.; Drinker, P., and Gordon, J. E.: The Epidemiology and Social Signifi- 
cance of Atmospheric Smoke Pollution, Am. J. M. Sc. 221:325, 1951. 
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ciable quantities sufficient to cause injury to human health.* It is also known that 
these substances may vary in their physical and chemical composition from day to 
day and according to meteorological conditions. Details about the toxic effects of air 
pollutants have been described elsewhere.’ 


Although various elements and compounds have caused manifest disease in man 
during industrial operations and in laboratory animals during controlled experi- 
ments, the evidence is not conclusive that such substances are “normally” present 
in the atmosphere in sufficient concentration to affect the health of human beings. 
Therefore, we still lack a reliable index of air pollution in terms of injury to human 
health. With one exception,®” we have neither been able to demonstrate that a dis- 
ease entity occurs from chronic exposure to air pollution nor have we been able to 
incriminate specific chemical agents as causing death or disability. However, the 
natural history of disease would indicate that a smog disaster is, in effect, an epi- 
demic whereby disease is manifest in the population by death and disability due to 
prolonged exposure to toxic substances under unusual meteorological conditions. 
We may therefore postulate that under “normal” circumstances varying concentra- 
tions of pollutants in the atmosphere must have some effect on the health of exposed 
populations. 

Environmental Measurements.—lt is not the intention of this paper to discuss 
the various methods of measuring air pollution or the relative merits of these 
methods. That area of responsibility rightly belongs to the environmental chemist 
and engineer. Suffice it to say that there are various recognized methods for 
measuring the quantities of gases, fumes, and particulate matter, some of which 
are more accurate than others. We must, however, assure ourselves as health 
investigators that the environmental measurements will be adequate for our pur- 
poses. The nature, accuracy, and frequency of such measurements are obviously 
basic to the study. 


A second group of environmental measurements consists of those used by the 
experts in micrometeorology. Measurements of temperature, humidity, and air 
movement are of fundamental importance, since adverse meteorological conditions 
may result in extreme concentrations as in a smog. In conducting a health study it 
is necessary to have both types of environmental measurements, chemical and 
meteorological, recorded concurrently with measurements of ill health and in the 
same study area. As exposure to air pollution is occurring continuously day and 
night, it is desirable to have “round-the-clock” measurements for air pollutants, 
meteorological factors, and ill health. 

Health Measurements.—Let us for a moment discuss the health measurements 
which are available to us so that we may select those which might be useful for our 
purpose. The traditional indices of the health of the community are the mortality 
rates, which are really indices of the more objective characteristic, the absence of 
health. Many observers during the past 100 years have used statistics of this kind 
to show the relationship of fog, smog, and smoke to mortality rates from respiratory 


6. (a) Patty, F. A., Editor: Industrial Hygiene and Toxicology, New York Interscience 
Publishers, Inc., 1948, Vol. 1 and 2. (b) Eisenbud, M., and others: Non-Occupational Beryl- 
liosis, J. Indust. Hyg. & Toxicol. 31:282, 1949. 


7. Stokinger, H. E.: Toxicologic Perspective in Planning Air Pollution Studies, to be 
published. 
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disease.* Mills, among others, has made extensive use of such statistics and has 
reported correlations between sootfall and respiratory disease in many American 
cities. The use of mortality measurements therefore is not new in the air-pollution 
field. 


We would also expect to use morbidity data as measurements of health in the 
community under investigation. Morbidity measurements cover the whole range of 
ill health between a state bordering on well-being (optimum health) and death. 
These measurements will be more useful than mortality statistics in endeavoring to 
correlate the level of air pollution with the health status of the population. 


Although the best possible use should be made of existing health data (morbidity 
and mortality) in the community, most of these data have definite limitations, aside 
from well-known inaccuracies, as they are being collected for other purposes. It 
therefore becomes necessary to use a special sample survey for the collection of 
specific sickness information in such a way that we may test our hypothesis of a 
relationship between sickness and air pollution. This approach is most likely to yield 
positive results. 

DETROIT RIVER AREA INVESTIGATION 


Having discussed some of the basic principles that one would expect to consider 
when planning a health investigation in the field of air pollution, we shall now turn 
to the practical application of these principles in planning the Detroit River area 
investigation. 

Since 1949 a group of specialists in environmental and health fields, representing 
national and local agencies in both Canada and the United States, have been measur- 
ing the amount and distribution of air pollution in Detroit and Windsor, Ont., and 
have made plans for a comprehensive study to determine the effect of pollution on 
almost every aspect of community life. This study has been called the “Detroit River 
Air Pollution Investigation.” It has been set up under the auspices of the Interna- 
tional Joint Commission which has appointed a Technical Advisory Board on Air 
Pollution to carry out the project. The investigation originated because of com- 
plaints from residents on both sides of the international boundary that boats plying 
up and down the Detroit River were causing a smoke nuisance. Some of the 
environmental findings and plans for the health study have been reported else- 
where.”° 


8. Russell, W. T.: The Influence of Fog on Mortality from Respiratory Diseases, Lancet 
2:335, 1924; Relative Influence of Fog and Low Temperature on Mortality from Respiratory 
Diseases, ibid. 2:1128, 1926. Leonard, A. G. G.; MeVerry, B. P., and Crowley, D.: Atmospheric 
Pollution in Dublin During the Year 1942, Proc. Roy. Dublin Soc. 23:164, 1943. Fog and 
Mortality, Editorial, Lancet 2:1121, 1926. 

9. Mills, C. A.: Urban Air Pollution and Respiratory Diseases, Am. J. Hyg. 37:131, 1943; 
Relationship of Smoke to Pneumonia and Other Infections of Respiratory System, Cincinnati 
J. Med. 27:624, 1946. Mills, C. A., and Mills-Porter, M.: Health Costs of Urban Air Pollution, 
Occup. Med. 5:614, 1948. 

10. (a) Clayton, G. D.: The Detroit-Windsor Air Pollution Study, Pub. Health Rep. 67:658, 
1952. (b) Brinton, H. P., and Gafafer, W. M.: Statistical Analyses in Air Pollution Studies, 
ibid. 67:661, 1952. (c) Katz, M.: Sources of Pollution, Proc. Second National Air Pollution 
Svmposium, Pasadena, Calif., p. 95, Sept., 1952. (d) Baynton, H. W.: Environmental Studies 
—Meteorological Aspects, Pub. Health Rep. 67:668, 1952. (e) Molner, J. G., and Frederick, 
W. G.: Environmental Studies—Health Aspects, ibid. 67:669, 1952. (f) Clayton, G. D.: 
Epidemiologic Approach, Proc. Second National Air Pollution Symposium, Pasadena, Calif., 
p. 110, Sept., 1952. 
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General Objectives—Five general objectives for the investigation have been 
established by the International Joint Commission through its Technical Advisory 
Board on Air Pollution. The first three have included a program to determine the 
sources, nature, and amount of various pollutants in the atmosphere and the effect 
of meteorological conditions on such pollution. The fourth objective refers more 
specifically to health and proposes that a study be made to determine the effect of 
atmospheric contaminants not only upon health but also upon vegetation, safety, 
and economy in the area. The ultimate objective, of course, is to determine what 
procedures will be necessary to control such pollution, the costs involved, and by 
whom the cost should be borne. 

In order that one may orient himself to the geography of the area under investi- 
gation, the map in Figure 1 indicates the relationship of Detroit to Windsor. It 
will be noted that Detroit is situated north of Windsor, a relationship which bears 
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Fig. 1—The area of the Detroit River air-pollution investigation. 


considerable importance, as prevailing winds from the west and southwest carry 
much pollution from the heavily industrialized areas on the west side of the river 
across to the Canadian side. These winds are also largely responsible for creating 
areas of pollution in both Detroit and Windsor which may be some distance from 
the source of pollution. An important concept of this entire program is that, as far 
as possible, the existence of an international boundary has been forgotten, and the 
environmental, meteorological, and health aspects of the over-all investigation have 
been coordinated and planned as one study on both sides of the Detroit River. 
Health Objectives—As a means of defining terms of reference for the health 
portion of the investigation, certain objectives have been established, as follows: 
(1) to determine the relationship, if any, of toxic gases or particles to the amount, 
type, and severity of various acute and chronic diseases in the Detroit-Windsor area. 
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(2) to determine the amount of disability in terms of lost time from such illness ; 
(3) to evaluate the extent to which chronic cardiovascular or respiratory diseases 
are aggravated by toxic air pollutants; (4) to correlate meteorological data and air 
pollution with the distribution of illness, and (5) to control those pollutants deter- 
mined to be “injurious.” 

Plan and Methodology.—As no measurable relationships have been established 
between air pollution and health, the most logical plan for the investigation has 
appeared to be the use and evaluation of multiple methods and measurements 
according to a definite plan. The study and evaluation of methodology are considered 
of prime importance. It has been further agreed that two general approaches would 
be used. These approaches include the following: (1) a review of existing health 
data in the Detroit River area for comparison with other cities and (2) the conduct- 
ing of a sample morbidity survey in the area to measure and compare the intensity 
and types of sicknesses and symptoms in well-defined areas of high and low pollu- 
tion. As far as possible, both of these approaches will be carried out at the same 
time. 

A Review of Health Data in the Conununity—The first approach has appeared 
to be the most obvious starting point for the investigation, as it has been felt that 
a review of available health data in the Detroit River area might suggest relation- 
ships between air pollution and health similar to those reported by other observers 
(e. g., Mills). This review would include specific consideration of mortality statistics 
as well as hospital and medical care records, industrial and school records, com- 
municable disease reports, and others. 


Data from these sources must be analyzed for a number of years and, to be 


useful, must be compared with corresponding data for other communities which are 
similar except for their known freedom from air pollution. In this comparison we 
shall try to compare the health of the people in one community, Detroit and/or 
Windsor, which have a relatively high average pollution with that in another com- 
munity which has a low average pollution. The latter will be a community in which 
there is no heavy industry or boat traffic. In this instance, since Detroit and 
Windsor are quite dissimilar, each needs a comparable or control group. It is 
realized, however, that this phase of the study is unlikely to produce data adequate 
for more than general comparisons. 

Sample Morbidity Survey—tThe second, or sample survey, approach is more 
likely to provide health statistics showing positive relationships with air pollution. 
In selecting the type of sample, it has been decided that a system of matched sample 
areas would be a more efficient design than a sample of the whole population. The 
matching would be based on socioeconomic factors and pollution levels. The prin- 
ciple behind this design has been to approximate a “controlled experiment” by 
matching socioeconomic variables of populations in localized areas which have 
different levels of pollution. In this plan the socioeconomic status of people in these 
areas would be similar, but pollution levels would be as different as possible. Health 
indices in terms of sickness would then be compared in these areas, along with 
concurrent measurements of air pollution. By this device we should have the 
maximum possibility of achieving significant differences in health indices for high 
and low pollution areas. 
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As no baseline has been established for the expected incidence of illness caused 
by pollution, it has also been necessary to select a control sample of households in 
a population area which is similar to the high and low pollution areas in Detroit 
and Windsor except that it has little or no air pollution. This control population 
must have the same socioeconomic status as the population of the matched areas and 
must live in the same general geographical area to be influenced by communicable 
disease trends. The control sample would be treated the same way in every respect 
as the samples in the high and low pollution areas of Detroit and Windsor. The 
data obtained from the control sample and from the other samples might then be 
compared. 


Data for Matching.—As a basis for matching areas of high and low pollution, 
it has been necessary to secure as much environmental and socioeconomic data as 
possible about the Detroit-Windsor area. Our colleagues in the environmental field 
have carried out extensive air-pollution measurements throughout both cities, using 
various sampling methods and techniques. Concentrations of sootfall, suspended 
particulate matter, and sulfur dioxide have been determined, and, as a further 
refinement, quantitative measurements of various elements found in particulate 
matter were carried out by spectrographic and x-ray diffraction methods. These 
measures of pollution were obtained for varying lengths of time. From these data, 
areas of high and low pollution have been defined on both sides of the Detroit River. 
Meteorologists have been able to record the changes in temperature, humidity, and 
air movement in the area and to show their relationship to the distribution of pollu- 
tion and the occurrence of smog concentrations at different times of the year. 

Socioeconomic data, on the other hand, have been derived from a variety of 
sources and have included information from the Bureau of the Census, Council of 
Social Agencies, Juvenile Court, Health Department, Assessment Department, and 
others. 

Once fundamental information about the environmental and socioeconomic 
character of the over-all area had been obtained, it has then been possible to define 
local areas in Detroit and Windsor which match according to socioeconomic status 
but which differ in their average pollution levels. Details of the method of selection 
have already been reported.'"” 

Selection of Local Study Areas—In Detroit, 28 census-tract areas, some with 
white and others with Negro populations, have been matched in pairs of similar 
socioeconomic status but contrasting air pollution levels. High-speed sampling filters 
were set up in these areas, and daily readings were taken for a six-week period to 
determine the concentration of pollution at each location. On the Windsor side, 
census-tract areas were not available; so Canadian environmental chemists carried 
out a general sampling of the entire Windsor area with the use of similar techniques 
at 25 sampling stations for a six-week period. 

The map in Figure 2 gives the average concentrations of particulate matter in 
micrograms per cubic meter of air recorded at various sampling stations in Detroit 
and Windsor. An arbitrary classification giving mean concentrations of particulate 
matter is indicated by the shaded areas; the highest concentrations are more than 
225 y per cubic meter, the lowest are less than 150 y per cubic meter. The concen- 
trations in Detroit are shown in census tracts; those in Windsor are shown at 
sampling stations indicated by circles. By using the highest and lowest pollution 
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areas possible which could be matched according to socioeconomic status, six well- 
defined population groups were selected for the health study. These are numbered 
from one to six on the map. Four areas are in Detroit, and two are in Windsor. 
Those in Detroit include a high and a low pollution area with white populations, and 
there are similar pollution areas with Negro populations. In Windsor the high and 
low pollution areas both have white populations. All areas selected on both sides of 
the river have low to middle socioeconomic status. It is of note that in Windsor it 
has been necessary to carry out a special census of the study areas to obtain data 
about the socioeconomic characteristics of individual households for matching 
purposes. As far as possible, we shall use Windsor areas comparable in socio- 
economic status with the selected white areas in Detroit. 


TABLE 1.—Concentrations of Metallic Elements in Particulate Matter 
at Detroit * and Windsor + in 1951 


Micrograms per Cubie Meter of Air 


Windsor Detroit 
A 


Metallie 
Elements Min. 
Silicon 1.05 
Caleium 0.85 
Aluminum 0.71 
Iron 2.49 0.59 
Magnesium 0.20 
Lead 6 0.125 
Manganese 0.064 
Copper 0.013 
Zine Absent 
Titanium 
Tin 
Molybdenum 
Barium 
Nickel 0.011 Abs 0.070 
Chromium 0.026 
Cadmium 0.089 
Beryllium s Absent 0.018 
Antimony ae Absent 0.287 
Cobalt eo Absent oe Absent Absent 0.017 


* From 31 sampling stations using high-volume filters, May 7 to June 17, 1951. 

+ From 25 sampling stations using high-volume filters, Oct. 26 to Dec. 4, 1951. 

{ Bismuth was found to be absent in 19 samples; traces were present in two samples, and concentrations 
of 0.056 and 0.027 y per cubic meter of air were found in two other samples. Antimony, arsenic, cobalt, 
mercury, and tungsten were found to be absent in every sample. 


As a further indication of the types and amounts of pollutants recorded, Table 1 
shows the median, maximum, and minimum values for metallic elements, in micro- 
grams per cubic meter of air, which have been determined by spectrographic 
analysis. These data are presented to give only a general idea of the types of ele- 
ments that have been found in the atmosphere in Detroit and Windsor, these cities 
being not unlike other large industrial centers. The substances vary considerably in 
their concentration at individual stations ; they also vary between stations at different 
times of the day, month, or year. Such wide variations, in fact, mean that high 
levels of pollution may occur in the areas having, on the average, low pollution. 
On the other hand, low levels may occur in the area that has been selected as having, 
on the average, high pollution. We are none too happy about these variations, as they 
might easily influence the health indices which we are trying to measure. There also 
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may not be sufficiently wide differences between areas of high and low pollution 
to give us significant differences in health measurements. Consistently low and high 
pollution areas would be more ideal, as we are attempting to compare the sickness 
exeperience in one pollution area with that in the other. 


TABLE 2.—Comparison of Thomas Autometer Readings* (Calculated as Sulfur Dioxide 
in Detrott River Area for the United States + and Canadat 


Time at Time at 
Indicated Indicated 
Concentra- Concentra- 

U. 8S. Concentration, Ppm tion, % Canadian Concentration, Ppm tion, % 


Median concentration............. 0.046 ppm Median eoncentration............. 0.023 ppm 


* Source: George D. Clayton, Chairman of the United States Section, Technical Advisory Board on Air 
Pollution of the International Joint Commission of the United States and Canada. 

+ March 11 to July 2, 1951. 

t Sept. 1 to Nov. 30, 1950. 


TaBLeE 3.—Monthly Mean and Maximum Concentrations * (Calculated as Sulfur Dioxide 
in Ppm) in the Windsor Area from September, 1950 to December, 1951 
Data from Continuous Thomas Autometer Observations at Two Selected Stations 


| 


Station 1 Station 4 
Caron and Sandwich Walker Rd. and Mohawk 
Max. Ppm Max. Ppm 
Mean Max. Ppm Less than Mean Max. Ppm Less than 
Month Ppm 30 Min. 30 Min. Ppm 30 Min. 30 Min. 
1950 
Sept. 0.074 0.033 0.294 
Oct. 0.071 0.264 0.028 0.185 
Nov. 0.063 0.326 0.022 0.214 
Dee. 0.091 0.557 0.776 0.059 0.317 0.576 
1951 

Feb 0.088 0.285 0.516 0.0085 0.185 0.270 
Mar. 0.076 0.207 donne 0.0031 0.095 
Apr. 0.107 0.413 0.531 0.0079 0.189 0.364 
May 0.22 0.363 0.428 0.0071 0.230 0.230 
June 0.047 0.228 ieacia 0.0060 0.079 
July 0.070 0.387 0.854 0.0062 0.086 0.109 
Aug 0.088 0.234 weaee 0.0079 0.098 
Sept. 0.093 0.275 eecee 0.0081 0.130 
Oct 0.119 0.465 0.802 0.021 0.234 0.280 
Nov. 0.104 0.421 0.979 0.019 0.146 0.237 
Dec 0.149 0.445 1.210 0.040 0.294 0.468 


* Source: Katz, M.: Am. Indust. A. Quart., 13: 214, 217, 1952. 


Table 2 gives an indication of the per cent of time that various concentrations 
of sulfur dioxide, a recognized index of gaseous pollution, have been present for 
the duration of the study periods. These concentrations are not really representative 
of average levels throughout the year, particularly during spring and fall when 
smog visitations are most prevalent. Table 3 gives a better indication of mean and 
maximum concentrations of sulfur dioxide from September. 1950, to December, 
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1951. Maximum concentrations of sulfur dioxide of less than 30 minutes’ duration 
are shown for the months in which smog visitations occurred. Similar concentra- 
tions have also been recorded on other days during these months. On one occasion, 
Jan. 4, 1952, a concentration of 2.7 ppm of sulfur dioxide was recorded. Stations 
1 and 4 have been chosen for this table as they are adjacent to the areas of high 
(6) and low (5) pollution that have been selected for the health study in Windsor 
(Fig. 2). Similar sulfur dioxide concentrations could be expected in these areas. 

Plans for the Morbidity Study—Most morbidity surveys in the past '' have 
used periodic (usually monthly) interviews with an informant to elicit the sickness 
experience of all members of a household. This is the type of sample morbidity 
survey that is being planned for this investigation. We expect to have about 1,000 
households in the survey, 500 in Detroit and 500 in Windsor. By this approach we 
should obtain information about types of illness and symptoms, their time of onset 
and duration, and the severity of illness as expressed by medical and hospital care 
received. The extent of disability would be recorded as days away from work, days 
in bed, and so on. The data would be based largely on a statement of illness by the 
informant (housewife generally) and not on the medical opinion or diagnosis of a 
physician. However, the accuracy of the lay statements would be determined by 
asking physicians to verify the diagnosis in as many cases as possible. In past 
surveys the statement of the informant and the diagnosis of the physician have 
usually corresponded in more than 80% of the cases. 

As our plans call for an intensive period of experimentation to determine the 
most effective methodology, we shall try, for example, the following methods: 
(1) varying periods between interviews—such as, one week, two weeks, one month 
—keeping in mind memory factors and personal bias; (2) using calendars or other 
record forms to assist the informant in giving accurate and complete information, 
and (3) experimenting with a more detailed questionnaire, more on the order of a 
clinical case history, and using check lists of symptoms to compare with “open” 
interviews. 

A careful assessment of initial health status at the start of the study, including 
past history of illness and preexisting conditions, would also require some study. 
A further refinement in sample design, which might be considered, is the actual 
matching of families or persons in high and low pollution areas. 

A more intensive approach might be particularly productive with specially 
selected groups, such as infants, asthmatics, and persons with cardiac disease, whose 
tissues are more likely to be sensitized to pollutants in the air. As members of such 
groups are generally more susceptible to foreign substances in the atmosphere, they 
offer a type of barometer to air pollution. We therefore expect to follow these 
special groups more closely than the general sample group, with a view to relating 
fluctuations in pollution concentrations to similar fluctuations in symptoms or 
illnesses. 

Record Forms.—Various types of forms and other record materials have been 
visualized for this study in accordance with the various methods that are con- 


11. National Health Survey, Collected Papers, Federal Security Agency, U. S. Public 
Health Service, 1935-36. Peart, A. F. W.: Canada’s Sickness Survey: Review of Methods, 
Canad. J. Pub. Health 43:401, 1952. 
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templated. Some of these are the following: (1) a household record card which 
will contain general family and environmental data, including occupation and income 
levels; (2) a record of present health status, including preexisting conditions—this 
will likely be a modification of the Cornell Medical Index and will give a point of 
departure for measuring ill health over a given length of time; (3) an individua’ 
sickness record on which will be entered sicknesses and symptoms according to the 
statement of the household informant, and (4) a supplementary sickness record 
which will be used to elicit information about sickness or symptoms of those in either 
the household sample or the specially selected groups. The latter form will be used 
for extra visits to such households during periods of excessive air pollution or 
unusual meteorological conditions. 


Other Considerations —Other important considerations include the selection, 
and training of enumerators and the formulation of an adequate public relations 
program among the general population, particularly those households selected in the 
sample. Often the success of a morbidity survey depends on the careful selection 
and training of enumerators, who can do much to obtain the cooperation of the 
informants and to maintain their interest throughout the survey. The interest o/ 
enumerators in the study also needs to be kept at a high level by various means 


COMMENT 


It has been an objective of this paper to establish that a need exists for measuring 
the effect of air pollution on health. We have briefly described some of the sources 
of pollution and have pointed out that various toxic substances have been found in 
the atmosphere. As the field of air pollution is a relatively new one, environmental 
chemists and health authorities are still searching for better methods of measuring 
chemical contamination and its effect on health. We are somewhat at the same stage 
in determining the effects of air pollution as the microbiologist and chemist were 
at the turn of the century in the investigation of water pollution. We are all familiar 
with the methods used in the chemical analysis of water and with the Bacillus coh 
test which has been established as a presumptive index of water pollution. It is 
therefore the aim of investigators in this field to reach a similar point in the exami- 
nation of air by providing a reliable index of air pollution and an equally reliable 
health index, 

This paper has outlined several methods which have been used before and has 
suggested other measurements for defining ill health in a community. Most of these 
methods have been considered for the Detroit River air-pollution investigation and 
will be tried and evaluated. Although the first phase of the health study has been to 
correlate some measurement of ill health with air pollution, it might not be possible 
to achieve this primary objective. We have no illusions that the task is a simple one 
If we are fortunate in showing a positive relationship between health and air pollv- 
tion in a small group of people, the next step would be to further develop the 
technique and carry out a long-term study for greater precision and specificity. 
The long-term approach would also be necessary to show the relationship of air 
pollution to chronic disability. 


It is not the intention to discuss at this time the practical use that would be 
derived from positive findings in a study of this kind. Needless to say, health officials 
and industrial and labor groups would all be interested in the application of environ- 
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mental and health indices to the control of toxic substances in the atmosphere. 
However, this would probably involve decisions as to financing and other areas of 
responsibility. 

SUMMARY 

The increasing number of smog incidents and accidental fumigations in the 
atmosphere have indicated a need for a comprehensive health study in the field of 
air pollution. 

Various toxic substances found in air pollution are known to be injurious to 
human health from past experiences in industry and from the experiences of places 
where exposure has occurred. 

Although much interest has been shown in this subject and considerable progress 
has been made in measuring environmental pollution and its effect on health, there 
is still a great need for establishing a reliable index of environmental pollution as 
well as some measurement of ill health from exposure to this pollution. 

Various principles and health indices used in other investigations have been 
discussed and applied to the problem of air pollution. 


A review of the Detroit River air-pollution investigation has been presented, 
giving some of the environmental findings as well as plans and procedures that either 
have been carried out or are contemplated in the health portion of the investigation. 

We wish to emphasize that we hold no undue optimism for establishing positive 
correlations between air pollution and ill health. The basic research principle of trial 
and evaluation will be used to test study methods and techniques in searching for 
a reliable health index which can be associated with air pollution. 


ia 
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ANTHRACOSILICOSIS OCCURRING IN A FOUNDRY EMPLOYEE 


L. E. HAMLIN, M.D. 
CHICAGO 


NVESTIGATIONS in recent years have established the fact that the pneu- 
moconiosis developed in bituminous and anthracite coal miners differs in sev- 
eral respects from that found among persons employed in other industries in 
which there is exposure to dust containing free crystalline silica. Studies by 
Gough! with regard to occupational pulmonary disease among trimmers and 
workers in the coal-mining districts of Great Britain, by Motley and others * 
among employees in the anthracite areas in this country, and by Friedman * among 
miners in the coal fields of Alabama have shown that the dust to which these per- 
sons are exposed has the unusual capacity to produce focalized emphysema about 
the deposits in the lungs. This condition sometimes causes symptoms and disabil- 
ity out of all proportion to the degree of alteration noted in the roentgenological pat- 
tern of the chest. The extent to which carbon is accountable in bringing about these 
changes has not yet been determined, but there appears to be little doubt that it 
elicits a different response in lung tissue from that which is elicited by other min- 
eral dusts. Heppleston states: 


The type of reaction evoked suggests that coal dust, whether anthracite or bituminous, stimu- 
lates no more fibrosis than is necessary to immobilize it effectively. It is true that coal dust 
contains a small proportion of free silica, but, on considering the evidence, whatever silica con- 
tributes to the genesis of coal macules appears to be insignificant in comparison with the rest of 
the coal dust. That coal dust itself, apart from contaminating rock dust, is responsible is indicated 
by the identity of the simple pneumoconiosis found in coal miners and coal trimmers. Trimmers 
do not work underground but at the docks, loading coal into ships, and thus are exposed to the 
inhalation of dust derived solely from coal. 


Whether the emphysema in these cases is compensatory in character or whether 
it is a separate pathological process has not been clearly established. The former 
would seem more probable, since the emphysema is localized about the dust 
deposits in the lungs. 

The term “anthracosilicosis” as applied to the pneumoconiosis observed among 
those engaged in mining and handling coal has recently aroused considerable dis- 
approval. It is claimed that a more specific designation would be “pneumoconi- 


Dr. Hamlin is Director of the Medical Department of the American Brake Shoe Company. 
1. Gough, L. J.:  Pneumoconiosis in Coal Workers in Wales, Occup. Med. 4:86-97, 1947. 

2. Motley, H. L.; Gordon, B.; Long, L. P., and Theodos, P. A.: Impairment of Pulmonary 
Function in Anthracosilicosis, Arch. Indust. Hyg. & Occup. Med. 1:133-159, 1950. 

3. Friedman, L. L.: Pneumoconiosis in Coal Miners in Alabama, read before the Seventh 
Saranac Symposium, Saranac Lake, N. Y., Sept. 23, 1952. 

4. Heppleston, A. G.: Coal Workers’ Pneumoconiosis, A. M. A. Arch, Indust. Hyg. 4:270- 
288, 1951. 
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osis of soft coal workers in, for example, Alabama or Pennsylvania.” Such nomen- 
clature might provide an idea of the geological character of the dust involved as 
well as recognition of the fact that pulmonary occupational fibrosis varies in differ- 
ent industries and in different geographical locations. Whether this terminology 
will eventually be adopted is open to question, since anthrocosilicosis has long been 
an accepted caption and is likely to remain in use. To speak of silicosis of foundry 
workers, therefore, as a specific entity might be subject to similar criticism. The 
report of the case presented herewith demonstrates this possibility, because it deals 
with anthracosilicosis occurring in a foundry molder in whom the pathological 
findings were identical with those found among coal miners. Analogous accounts 
are infrequent, even though there seems to be no good reason why they should 
aot encountered oftener. In a paper published by the Zurich Society for Investi- 
zating. and Combating Silicosis in Switzerland,’ mention is made of the “silico- 
anthracosis of foundry workers,” and the conclusion is reached that pneumoconi- 
osis among foundry workers belongs to the large group of mixed dust silicoses. It 
was noted especially that dust containing only a small proportion of silicosis-produc- 
ing material may through prolonged exposure lead to severe lung changes and 
even to death. 


REPORT OF A CASE 


C. V. H., an adult white man, worked as a molder in a gray-iron foundry in Pennsylvania 
up to the time of his death at the age of 48 years. He started to work when he was 15 years 
yid as a cook boy and lumberman. He remained at this occupation for three years, after which 
he was a machine operator for two months in a furniture factory. After this he drove a truck 
tor 10 months and then entered the foundry. He never worked at mining of any sort. 

A physical examination in December, 1933, disclosed the fact that C. V. H. was 29 years of 
age, 5 ft. 5% in. in height, and weighed 143 Ib. (64.9 kg.). His blood pressure was 180 systolic 
and 90 diastolic. The examination was otherwise negative, and a chest roentgenogram revealed 
ao pulmonary pathology beyond that fact that there was suggestive evidence of mild cardiac 
enlargement. He did not undergo further physical examination until May, 1944, at which time 
ne had no complaints and stated that he felt well. His hearing was found to be impaired, and 
oral sepsis was present. The pulse rate at rest was 92 per minute, 106 after exercise, and 92 two 
minutes later. His weight was 144 lb. (65.3 kg.). The blood pressure was 140 systolic and 80 
diastolic, as compared with 180 systolic and 90 diastolic 11 years previously. Physical examina- 
tion of the heart and lungs was negative. A bilateral inguinal hernia was discovered at this 
time, but no other abnormal findings were noted. The urine contained no sugar or albumin. 
Hemoglobin was 70% (10.5 gm. per 100 cc.), and the Kahn presumptive test was negative. 
The chest roentgenogram disclosed no change in the roentgenological pattern from that of the 
previous examination, except that there now was no evidence of cardiac enlargement. 

Four years later, in November, 1948, a roentgenogram taken during a routine chest x-ray 
survey showed definite nodular shadows suggestive of early silicosis throughout both lung fields. 
A change of work for the employee was considered, and special industrial hygiene studies were 
made at the working place to determine whether it would be safe for him to remain on the job 
and also to learn if existing measures for dust control were being maintained. Because of his 
lack of symptoms, because of the mild degree of lung nodulation observed in his latest chest 
x-ray films, and because of the apparently safe atmospheric dust concentrations in the plant, 
there did not appear to be sufficient danger to his health to warrant an immediate modification 
his activities. 

In January, 1949, operations were discontinued at the plant, and C. V. H. was offered 
different employment elsewhere in the company. He did not accept, since he preferred to remain 


5. Zurich Society: Study for Investigating and Combating Silicosis in Switzerland, 
Vrtljschr. naturf. Ges. Ziirich (Supp. 2/3) 95 (Dec. 31) 1950; abstracted, Indust. Hyg. Dig. 
15:25 (Dec.) 1951. 


HAMLIN—ANTHRACOSILICOSIS IN) A FOUNDRY EMPLOYEE 341 


in the locality where he had always lived and worked. Arrangements were completed, however. 
to have him x-rayed again in six months. A roentgenogram made at the local clinic in July. 
1949, was interpreted as revealing no further progression of the nodulation. At this time a report 
was received which indicated that, although the man had recently been complaining of pain in his 
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Fig. 1—A, chest roentgenogram taken in December, 1933, showing essentially normal! 
findings. The heart shadow suggested mild enlargement, a condition which was not noted 
in subsequent films. B, chest roentgenogram taken in May, 1944, showing no change except 
that the cardiac silhouette now appeared to be within normal limits. C, chest roentgenogram 
taken in November, 1948, 15 years after the first film in 1933, showing development of dis- 
crete, generalized nodulation throughout both lungs. LD, chest roentgenogram taken in July. 
1949, showing no change except that the lung nodulation now appeared to be slightly more 
pronounced. 
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chest, his physician could find nothing wrong. He was then tendered a position as custodian of 
the plant property but declined, whereupon a service bonus award was granted. 

On Aug. 5, 1949, during a personal interview, C. V. H. was shown all his chest roentgeno- 
grams, and the facts were fully discussed with him. He stated that about three years previously 
pleurisy had developed. However, since the plant had closed down and he had not been 
working, his weight had gone up to 161 Ib. (73 kg.) and he “felt better than he ever did.” He 
had noticed no shortness of breath, his appetite was good, and he had no difficulty doing hard 
work around the house. He was told that he would be kept under observation, and an appoint- 
ment for another chest roentgenogram was arranged. In this film the nodules appeared to be 
slightly larger and more definite; otherwise, there was no significant change. Four months 
later, on Dec. 12, 1949, an additional chest roentgenogram was obtained. The patient was 
informed that no new developments had occurred, a fact which was confirmed in an independent 
interpretation by the hospital roentgenologist and later through a review of the serial roentgeno- 
grams by Dr. Leonard Bristol,® of the Trudeau Foundation for the Clinical and Experimental 
Study of Pulmonary Disease, Trudeau, N. Y. 

About one month later, in January, 1950, C. V. H. was referred to a cardiologist because of 
the very rapid development of symptoms indicating the presence of definite congestive cardiac 
failure. During the past two years dyspnea had increased and had become much worse in the last 
month according to his physician, and the patient had noted moderate swelling of the ankles 
and pain in the upper right quadrant of the abdomen and in the chest. Moderate orthopnea was 
also present. Physical examination revealed edema of the ankles, with enlargement and tender- 
ness of the liver. Fluoroscopic examination of the chest showed definite enlargement of the right 
ventricle of the heart, and the electrocardiogram was typical of chronic cor pulmonale, with right 
ventricular strain pattern. The patient’s venous pressure was increased to more than twice the 
normal, and the circulation time was more than double the accepted standard. His resting heart 
rate was 130 to 140 per minute, and a definite gallop rhythm was present. The prognosis was 
guarded because of the findings typical of right heart failure. 

Shortly after this report was received on Feb. 10, 1950, a claim for total disability was filed 
on behalf of C. V. H., and the Insurance Company was instructed not to contest it. The man’s 
condition became progressively worse in spite of medical care, and he died on May 9, 1950, three 
months later. 


Findings of the autopsy performed at the time of death pertained to both the anatomic and 
the microscopic diagnosis. 

Anatomic Diagnosis—This diagnosis included the following: (1) pneumoconiosis; (2) pul- 
monary emphysema; (3) coronary sclerosis, advanced; (4) left coronary occlusion; (5) cardiac 
hypertrophy of right antrum, right and left ventricles; (6) cardiac fibrosis in walls of right 
antrum, right and left ventricles, and (7) passive congestion of liver and spleen. 


Microscopic Diagnosis—This diagnosis included the following: (1) passive congestion of the 
kidneys; (2) advanced myofibrosis of the heart, with fatty infiltration, hypertrophy of muscle 
fibrils, and coronary sclerosis with obliteration of lumens; (3) passive congestion of the spleen ; 
(4) moderate sclerosis of the aorta; (5) fatty replacement of the pancreas; (6) passive con- 
gestion of the adrenals; (7) passive congestion of the liver, with fatty change and interstitial 
hepatitis; (8) emphysema in the lungs, with anthracosilicosis, and (9) chronic hyperplastic 
lymphadenitis, with anthracosis of the bronchial lymph nodes. 

Pathological Findings—The gross lungs and tracheobronchial lymph nodes were sent to the 
Saranac Laboratory, Saranac Lake, N. Y., for complete study by Dr. Arthur J. Vorwald, who 
reported that the lungs were well fixed and their shape well preserved and who submitted the 
following description of the lungs and tracheobronchial lymph nodes.? 

(a) Gross Description: (1) Lungs. The left lung was somewhat larger than the usual 
fixed preparation. Its pleura was smooth and generally thin, but there were a few small areas 
of thickening to as much as 1mm. Several subpleural emphysematous bullae were noted, espe- 
cially over the apex of the upper lobe, and along the lingular margin. These projected only 


6. Personal communication to the author. 


7. The pathological illustrations, Figures 2 to 6, were supplied through the courtesy of the 
Saranac Laboratory, Saranac Lake, N. Y. 
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slightly above the general contour of the lung. The pulmonary tissue was nodular to palpation 
in both lobes. On section, the tissue was generally grayish-black in color, with numerous, evenly 
distributed, heavy, black foci averaging about 0.5 cm. in diameter. Some of these black foci were 
solid, slightly elevated, palpable nodules; others were essentially small groups of dilated alveoli 
with excess pigment deposition (Fig. 2). The intrapulmonary bronchi and vessels were not 
remarkable in the gross. 


Fig. 2.—A, section of gross lung exhibiting scattered black foci. B, low-power photo- 
graph of a large section of this lung. There were irregular black foci of dust accumulation 
within most of which one or more alveolar spaces could be seen, indicating that they were 
— the ry iy fibrous nodules of silicosis. Several of these lesions are shown in Figs. 3, 4, 
5. 


The right lung resembled the left. A distinct bulla at its apex projected about 2 cm. above 
the contour of the upper lobe. 

(2) Tracheobronchial lymph nodes. The bronchial lymph nodes were surprisingly small but 
appeared largely replaced by dense, black pigmentation and scarring. 
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Fig. 3.—Photomicrograph revealing the nature of one of the foci seen in Figure 2 and being 
representative of the majority of these foci. The clumps of black pigment were within intra- 
alveolar phagocytic cells. The alveolar walls were thin and showed no reaction to the dust 
collected within the spaces. x 100. 


Fig. 4—Photomicrograph showing a small pulmonary vessel with a dense accumulation 
ot phagocytic cells containing dust pigment in the perivascular lymphatic spaces. Again 
there was no evidence of tissue reaction to the localized dust. x 100. 
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(b) Microscopic Description: (1) Lungs. Sections of all lung lobes exhibited two distinc: 
major pathological processes, namely, pneumoconiosis and emphysema. 

The pneumoconiosis was characterized by the presence of black-brown pigment whieh 
occurred within phagocytes lying free in the alveolar spaces, within the framework of the alveolar 
walls, and also within nodular structures which were scattered throughout the tissue. The pig- 
ment deposits within the alveolar spaces and walls were accompanied by a mild cellular pre- 


liferation; consequently, many of the spaces were partially obliterated by a loose collection o} . 


macrophages and other mononuclear cells. Also, many of the alveolar walls were distorted 
some being thin and ruptured while others were unduly thick by reason of the cellular response 

The nodular structures were irregular in size and shape. Some were round, and others 
were elongated. May had formed about vascular trunks, while others followed the contow 
of the alveolar structure. For the most part, the nodules were so densely pigmented that 
their internal structure was obscured. However, very thin sections of the nodules exhibited 
a mild diffuse proliferation of connective tissue. Often the connective tissue seemed to radiate 
from a central point within such nodules. Other nodules, especially in sections from the lower 


Fig. 5—Photomicrograph showing another small pulmonary vessel, with an accumulatio1 
of dust-filled phagocytic cells in the perivascular lymphatic spaces. In this area, however 
there was a definite reaction in the form of fibrous tissue bands deposited among the cells 
x 


lobes, revealed an internal structure of light red material which in the differential stain: 
took the color of blood within the vascular trunks. Whether this structure was the resul 
of hemorrhage and/or congestion of the nodules or the result of a degenerative process coulc 
not be determined precisely ; however, it impressed one as being primarily degenerative 

It was interesting to note that the tissue reaction to the pigment was essentially cellulat. 
with only mild proliferation of connective tissue and with only a rare focus of hyalinization 
which characterized the unmodified mature reaction to free crystalline silica, such as that 
seen in simple nodular silicosis. The paucity of connective tissue and of hyalinization was 
strikingly observed in sections stained differentially. Only a rare small focus of whorled 
collagen was found in an occasional nodule. 

The emphysema was pronounced in sections from the upper lobes. It occurred principaliy 
about the nodular deposits of pigment. Some was present also in the lingula of the lobe’ and 
subpleurally. In all instances, however, emphysema existed in association with pigment 
either in nodular form or diffusely scattered in the thin and ruptured alveolar walls 
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As for other pathology, many of the alveolar trunks, especially within the nodular struc- 
tures, were distorted and constricted by mild endarteritis. The major air passages were 
generally open, but some were partially occluded by desquamated epithelium and mucus. The 
bronchial and bronchiolar musculature were often unduly prominent. There was no evidence 
of malignancy. 


(2) Tracheobronchial lymph nodes. The bronchial lymph nodes were moderately pig- 
mented. There was mild proliferation of connective tissue and only slight development of the 
hyalinization which characterized the unmodified mature reaction to focal deposits of free 
crystalline silica. 


Fig. 6.—Photomicrograph of a bronchial lymph node revealing in the medulla an accumu- 
lation of dust-containing phagocytic cells, without tissue reaction to the dust. 


(c) Chemical, Petrographic, and X-ray Diffraction Analysis of Lung: This analysis was 
as follows: 
Ash, % of dried tissue 


Total SiOz, % of ash 
% ot dried tissue 


Free Si02, % of ash 
% of dried tissue 


Kind of minerals in tissue, % of ash 


Petrographic examination of lung ash showed many bright spicules, some of which seemed 
to be rutile; there was also some opaque material, evidently unburned carbon. 

[ am inclined to classify the pneumoconiosis present in this case as mild silicosis, modified 
greatly by the presence of carbon and possibly other nonsiliceous components present in the 
dust inhaled. Since carbon is a prominent feature, this form of silicosis is usually categorized 
as anthracosilicosis, a condition resulting from the inhalation of carbon and free silica. 

The emphysema evidenced anatomically conformed in every way to that observed in the 
so-called anthracosilicosis of miners’ lungs. This condition has been described by Gough for 


coal trimmers (in Great Britain) with pneumoconiosis and by Motley, Gordon, and others 
for anthracite coal miners in this country. 


Component analysis of ash, % of ash 
A 
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COMMENT 


Undoubtedly the source of the carbon mentioned in the foregoing pathological 
report was sea coal, a material which is well known in the industry. Sea coal has 
been employed in the manufacture of gray-iron castings for many years. It is a 
component of the molding sand mixture and is used in considerable quantities. 
Various explanations have been advanced as to its origin, but it seems probable that 
it first became a regular part of foundry practice years ago in England. It is reported 
that it includes all types of coal and was called “sea coal’ because most of it was 
imported by way of the sea. A plant superintendent * with many years of foundry 
experience offered the following theory : 


When I was a boy, I was told that the word “sea coal” originated in Cornwall, England, 
near Penzance, an arm of land extending out into the sea. There was a large seam of coal 
deposit in this promontory, and supposedly it is still in existence. The waves washing over 
this seam through the years washed fine coal into the sand banks, mixing the two together. 

The English foundries, in using this sand, found that the castings “peeled” much better 
and learned that it was the fine coal mixed with the sand that was making the clean castings. 
So they began to grind regular coal experimentally to assure this fact. And so the name 
“sea coal” was originated. 


At the suggestion of Dr. Arthur J. Vorwald,® Director of the Trudeau Foun- 
dation and the Saranac Laboratory, a sample of this material, as used in the plant 
in which C. V. D. worked was submitted for x-ray diffraction and chemical analy- 
sis. The report, giving an analysis of sea coal, is quoted herewith: 


Composition——The material analyzed was taken from a can marked “Sea Coal” and con- 
taining about 2 lbs. of powdered coal. Its composition was as follows: 


Carbonates ... 
Iron oxide 


Examined under the petrographic microscope, the material resembled other samples of 
bituminous coal. Nearly all the quartz particles in the material were smaller than 30 u in size. 


Particle Sizes—The results of shaking a portion of the sea coal on a series of screens 
yielded the following data: 


% by 

Weight 
> 20 11.4 
< 20 and > 40 25.7 
< 40 and >100 39.5 


<100 and >200 
< 


A rough size-distribution study of the < 200 mesh fraction indicated that the median 


size of particles in that fraction was near 2.5 » and that approximately 80% of them were 
smaller than 5 


Dr. Vorwald stated further: 


The material was similar to coal samples we have collected during dust surveys of coal 
mines. Possibly quartz comprised a larger portion of the ash of the sea coal than of most 


8. Personal communication to the author. 
9. Personal communication to the author. 
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coal samples studied at the Saranac Laboratory, but the difference was not striking. Thus, 
23% of the ash of the sea coal was quartz, while only occasionally did the quartz content of 
the ash of coal samples from Alabama exceed 15%. Of course, when considerable rock 
was mixed with the coal. even the Alabama samples sometimes yielded values for quartz con- 
tent of ash that were greater than 23%. 

The low value for quartz (1.7%) would indicate that the term “sea coal” merely refers 
to coal carried by ships across the sea rather than to coal into which fine sand had been 
washed by the action of the sea. In addition, the low value for free silica would imply a 
low index of respiratory hazard for men inhaling dust of this sea coal. Such implication may 
aot be factual, however. because coal dust having similar free silica values is currently held 
responsible for disabling pneumoconiosis in coal miners. 


The similarity between the dust of sea coal and samples collected at coal mines 
generally would be supportive evidence that there is developed in some foundry 


Foundry Atmospheric Dust Counts and Analyses 


Gross Dust ‘Total Silica 
Count Count 
(Million (Million 
Particles Particles Iron 
per Cubie per Cubie (Mg./10 Cubic 
Foot of Air) Foot of Air) Meters) 


Jan. 8, 1947 | 


i Average 


May 19, 1947 


Average 


Jan. 4-5, 199, at molding area where 
C. V. H. worked continually during 
employment 


Average 


workers exposed to sea-coal dust of respirable size and in sufficient quantities a 
type of pneumoconiosis very closely related to that found among bituminous and 
anthracite coal miners. The extent of the exposure in the present instance is dem- 
onstrated by the accompanying Table, giving results of hygienic surveys '° made at 
the plant in which C. V. H. worked. 

The determinations in the latter part of the Table did not include studies for 
iron, because an x-ray diffraction analysis revealed iron oxides and mellite as only 
minor constituents. The major consitituent was quartz, which according to x-ray 
diffraction amounted to 15%. A considerable amount of amorphous material, 
including carbon, was present. 

The average over-all gross dust count was 21,400,000 particles per cubic foot 
of air, which is not excessive for a mixed dust. Among other components, the 
dust included 15% uncombined silica, which would give a calculated free silica 


10. Weber, H. J.: Industrial Hygiene Survey Reports, Chicago, Medical Department, 
American Brake Shoe Company, January and May, 1947; January, 1949. 


As 
Date 
47.2 30.7 
50.6 38.7 ae 
7.0 154 
34.9 34.7 154 
26.8 2.7 
1.5 
1.6 16.4 
16.6 44 16.4 
5.6 aes 
4.2 
12.4 
7.7 
73.0 12.0 wives 
74 
16.9 08 
16.1 5.5 
26.5 2.7 
18.8 5.2 
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content of 3,200,000 particles per cubic foot of air. This amount is below the maxi- 
mal allowable concentration of 5,000,000 particles per cubic foot of air. In other 
words, a safe count for a dust containing 15% free silica would be 33,000,000 parti- 
cles per cubic foot of air. The calculated value for free silica was arrived at by mult- 
plying the gross dust count by the percentage of free silica. This is not a precise 
measure, because a numerical count is being multiplied by a weight value. The 
formula therefore is only true in those instances in which a uniform particle size 
exists and in which each individual particle might be, for example, 2 » in diameter. 
Since this condition never happens, the result is only an approximate but never- 
theless useful one. 

The use of silica flour was discontinued after 1942, and only silica-free parting 
compounds and facing materials were employed. The term “silica free,” however, 
may be misleading, and it is conceivable that dust inhaled from substances of this 
type which the manufacturer claims are harmless can, under certain conditions. 
produce silicosis. What seems to be an inconsequential amount of hazardous 
ingredient to the industrialist may constitute a serious risk so far as the hygien- 
ist’s concept is concerned. During investigations of potential sources of dangerous 
dust exposure, our Hygiene Department '' analyzed three samples (A, B, and.C) 
of such so-called inert products in March, 1951. 

In the case of Sample A, which was claimed to be silica free by the manu- 
facturer, it was stated: 

There is no free silica, as only the oxide is present in the material and none of it is of micron 


size. A wetting agent is used which prevents the oxide from having any harmful effect. Lead 
chromate is added only as coloring matter. 


Analysis of this product by x-ray diffraction revealed 69.1% quartz and 6.2% 
talc. While Sample B was essentially calcium carbonate, it contained 1.03% free 
silica as an impurity. In normal use as a parting compound no hazard would be 
involved, but massive concentrations, such as might be experienced at the pro- 
ducer’s plant, could well be enough to produce silicosis. An analysis submitted 
by the supplier of Sample C, which was known as a sea-coal facing, indicated only 
volatile carbonaceous material and other inert components. However, a specimen 
of air-borne dust taken where this material was being used showed 15% quartz by 
x-ray diffraction. 

The plant under discussion was not fully mechanized at the time of these 
inquiries; consequently, the molders performed their own shakeout procedures. 
No modern exhaust ventilating equipment had been installed until recent times so 
that, regardless of the relatively small degree of atmospheric contamination dis- 
closed, it is possible that C. V. H. suffered serious exposure to mixed dust before 
measures for control were instituted. The pathological findings in the lungs would 
indicate this to be true, and the low values for free silica, together with the signifi- 
cant amounts of carbon found in the atmospheric samples of 1947 and 1949, would 
support the belief that carbon existed in sufficient quantity to produce the pul- 
monary changes observed. It is interesting to note, however, that the man’s chest 
roentgenograms revealed no evidence of occupational disease until 1948. 

As pointed out earlier, anthracosilicosis may be more prevalent among foundry 
workers than is suspected. Factors essential to its production can be present in 


11. Weber, H. J.: Memorandum: Analysis of So-Called Inert Materials, Chicago. 
Medical Department, American Brake Shoe Company, March 7, 1951. 
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those operations in which sufficient hygienic measures for dust control do not 
exist. The similarity between the pathological reactions in the lungs of the man 
in the case cited and the pulmonary changes in the coal miners described by 
Gough, Heppleston, Motley, Gordon, Friedman, and others is well defined. Hence, 
it is important that these variations be accurately examined in order to properly 
allocate responsibility for pulmonary occupational disease. Evaluation of this 
form of pneumoconiosis as to its association with abnormal states of the heart and 
lungs resulting from independent causes requires the same careful consideration. 
The tendency to attribute emphysema and cor pulmonale entirely to occupational 
fibrosis, simply because it happens to be demonstrable in greater or less degree 
roentgenographically, should be discouraged, and the findings in each case should 
be interpreted only after full contemplation of all the elements involved. Gard- 
ner states: 


Personal experience and reports from the literature have convinced me that in most fatal 
cases of silicosis the heart is already damaged by arteriosclerosis or other causes and that 
the presence of a conglomerate area of fibrosis with emphysema merely adds to its burden. 
At the autopsy table, hypertrophy of the right side of the heart without arteriosclerosis and 
even greater involvement of the opposite side is a rarity. 


While it is reasonable to believe that the pulmonary changes resulting from 
occupational exposure contributed in part at least to the cardiac pathology observed 
in the present instance, the autopsy findings offer strong evidence that they did 
not constitute the main cause of disability or death. The hospital postmortem 
report described the gross lungs as fully crepitant and resilient, although studded 
with innumerable small, hard, black nodules. This condition is not comparable 
with the leathery consistency found in the classic silicotic lung. The primary 
cause of death, as indicated in the necropsy protocol, was cardiovascular disease, 
with coronary occlusion, cardiac hypertrophy, and dilatation. In the experience 
of Vorwald** and others, the vast amount of such disease exists as a separate 
entity, with little or no relationship to pathology present in the lung. On the other 
hand, the focalization of emphysema about the deposits of dust would indicate that 
most of the emphysema in the lungs of C. V. H. was of the compensatory type. In 
such cases there is frequently a disturbance of pulmonary function which reflects 
adversely upon the heart, resulting in right heart dilatation and hypertrophy. 
Vorwald contends, though, that such reasoning is extremely hazardous, since pre- 
cise antemortem studies are necessary to establish its validity. 

When one considers the rapid development of serious clinical signs and symp- 
toms resulting in the death of C. V. H. in such a short time, it is all the more 
questionable whether the occupational disease of the lungs was a major factor. 
During a personal interview on Aug. 5, 1949, the man had no discernible dis- 
ability. He made no specific complaint and stated that he “felt better than he 
ever did.”” He had not noticed any dyspnea or any difficulty in doing hard work 
around the house. There was no marked progression of the disease in his chest 
roentgenograms from November, 1948, when the condition was first noted, up to 
the time of his death in May, 1950, nor was infection considered a part of the 


12. Gardner, L. U.: The Pathology and Roentgenographic Manifestations of Pneumo- 
coniosis, J. A. M. A. 114:535-545 (Feb. 17) 1940. 


13. Personal communication to the author. 
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illness. Advancement of this kind in a period of nine months is not characteristic 
of silicosis, even in many instances of massive conglomerate lesions in which 
tuberculosis is a complicating factor. 


In spite of the low values for free silica in the air-borne dust of the plant in 
which C. V. H. worked, silicosis, however, did develop. The presence of silica in 
the lung was verified by chemical and petrographic analysis. According to 
Vorwald, such an amount as 16.9% of lung ash is high, being above the average 
value for a number of cases with established silicosis and being slightly higher 
than the maximal value (16.5% ) obtained in a number of cases in which there was 
exposure to free crystalline silica but without silicosis. Although these values for 
free crystalline silica do not necessarily represent the degree of silicosis present, 
nevertheless the high amount would imply that it does exist. The pathological 
findings demonstrate that the fibrosis was not typical of mature, classic, nodular 
silicosis in that hyalinization was absent or minimal, and the tracheobronchial 
lymph nodes, which Vorwald asserts are usually a reliable index of the irritating 
capacity of an inhaled dust, did not exhibit the hyalinization of silicosis. 

While therefore this case appears to be one of mild silicosis, it is atypical prob- 
ably because of the modifying influence of other dusts. That carbon altered the 
process seems obvious, but there is still considerable doubt as to the exact part it 
played in the production of symptoms and disability. Its influence may also have 
been modified by the presence of iron particles, since under other circumstances 
these have been shown to inhibit the action of free silica in the lungs. In this 
respect, the occupational disease described herein may differ to some extent from 
the pneumoconiosis of coal miners, as these workers have no exposure to iron 
oxide. The variation is probably of no more than academic interest, however, 
because the pathological aspects of the two conditions are so alike. At any rate, it 
seems desirable to look for anthracosilicosis among foundry workers for the reason 
that, as the present case demonstrates, disability can develop unexpectedly in a 
comparatively short length of time, and decision of total incapacity for work may be 
erroneously based on pulmonary roentgenological changes of occupational origin 
which exist simply as a coincidence or, at the most, as a possible contributory factor. 


SUMMARY 


A case demonstrating clinical, roentgenological, and pathological pulmonary 
findings typical of those seen in the pneumoconiosis of coal workers but occurring 
in a foundry molder is presented. 


It is suggested that the two conditions may be identical, since exposure to sea 
coal in foundry-molding practices offers a potential source of exposure. 

The development of signs and symptoms which terminated fatally within nine 
months emphasizes the need for early recognition of the possibilities of this condi- 
tion in foundry workers. 

Accurate interpretation of clinical and roentgenological findings is stressed, 
particularly as far as these are related to cardiovascular disease. 

The case directs attention to the value of competent pathological studies, when 
possible, in the proper evaluation of such industrial health problems. 


. 


Correspondence 


STATISTICAL ANALYSIS OF NORMAL HUMAN RED BLOOD CELLS AND PLASMA 
CHOLINESTERASE ACTIVITY VALUES 


To the Editor:—The July (1952) issue of the A. M. A. ArcHives oF INDUSTRIAL HYGIENE 
AND OccUPATIONAL MEDICINE Contains a report by J. H. Wo rst and G. D. Winter entitled, 
“Statistical Analysis of Normal Human Red Blood Cell and Plasma Cholinesterase Activity 
Values.” This paper reproduces my microtechnique of red cell and plasma sampling but refers 
to it incorrectly as “the method developed by Hamblin and Marchand.” No part of this method 
is the work of D. O. Hamblin, and I presume that this error would have been corrected if 
Dr. Hamblin had seen this paper before it was submitted for publication. I am indebted to 
F. Hermenze, R.N., formerly of the New York Office Medical Department staff of the American 
Cyanamid Company, for technical assistance and demonstration of the method to Dr. Wolfsie, 


Mr. Winter, and others. Joun F. Marcuanp, M.D., New York. 


To the Editor:—1 was glad to learn that Dr. Wolfsie had sent you a copy of the bulletin 
of the American Cyanamid Company entitled “Cholinesterase Tests and Their Applicability in 


the Field,” prepared by D. O. Hamblin, M.D., Medical Director, and J. F. Marchand, M.D., 
Assistant Medical Director, and dated March, 1951. 

You, no doubt, have observed footnote one, appearing on both pages 10 and 11 of this 
bulletin, which I quote: 

“(1) Cholinesterase determinations reported here were by F. Hermenze, nurse-technician, 
and interpreted by J. F. Marchand, M.D. The microsampling procedure which follows was 
developed at the New York Office Medical Department Laboratory, American Cyanamid 
Company.” 

Although not too clearly expressed, it was intended by this footnote to give full credit to Dr. 
Marchand and Miss Hermenze for having developed the micromodification of the Michel 
electrometric method which is described in the text of this bulletin. 


D. O. Hamsitix, M.D., New York. 
Medical Director, American Cyanamid Company. 
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Obituaries 


PAUL ARDEEN NEAL, M.D. 
1901-1952 


Paul Neal, widely known in this country and abroad for his work in toxicology, 
died on Oct. 13, 1952, after a brief illness. He was born at West Point, Tenn. 
His father was a country physician of great self-reliance, who served his rural area 
on horseback, often accompanied by his young son. His mother, who survives him, 
was a Calloway, related to Daniel Boone. 

He obtained his medical degree in June, 1927, from Vanderbilt University 
and served his internship in the United States Marine Hospital in New Orleans. 
On June 30, 1928, he was commissioned Assistant Surgeon in the United States 
Public Health Service, being appointed from Tennessee. 

His assignments in the Service had the customary variety, which was aimed 
at making a broad acquaintance with the many duties of the medical officer, and 
included service with United States consulates in Belfast, Cobh, Cologne, Warsaw, 
Copenhagen, Palermo, and Naples. 

After his return to Washington, Dr. Neal was assigned on Nov. 9, 1934, to 
the Division of Scientific Research to serve under Dr. R. R. Sayers in the Office 
of Industrial Hygiene and Sanitation. He thus began the long series of earnest 
inquiries into toxicology which were to absorb his interests so completely. In the 
first year and a half he was busy with epidemiological field studies, the major one 
being on the mercurialism of fur cutters. In March, 1936, he was made Medical 
Officer in Charge of the Industrial Hygiene Laboratory, which had been moved 
physically to join the National Institutes of Health in downtown Washington. 


Beginning with a staff of 5, Dr. Neal rapidly built up both staff and facilities 
to an operating level of more than 20 and, under the supervision of Dr. Sayers, 
assisted in directing the research work of the expanding Laboratory. His own 
interests were applied in studies on the dermatitis of plate printers and on chronic 
manganese poisoning among ore crushers. 

In June, 1938, he was made Acting Chief of the Division of Industrial Hygiene 
while Dr. Sayers was assigned to the International Labor Office in Geneva, Switzer- 
land. On Dr. Sayers’ return, the National Institutes of Health moved to Bethesda, 
Md. In 1940, when Dr. Sayers left to become Director of the Bureau of Mines, 
Dr. Neal was made Acting Chief and then Chief of the Division of Industrial 
Hygiene. After the Division was reorganized under the direction of Dr. J. G. 
Townsend in 1941, Dr. Neal became Chief of the Industrial Hygiene Research 
Laboratory. Early in 1944 the Laboratory was separated from the Division, which 
moved subsequently into another Bureau. The research work of the Laboratory 
continued under Dr. Neal at Bethesda, and although in 1947 its name was changed 
to the Laboratory of Physical Biology, it remained under his direction. The staff 
had been increased to about 100 with many new disciplines, including electron 
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microscopy, radioactive tracing, and investigations with high and low energy radia- 
tion, mass spectrometry, physical chemistry, etc. 

Dr. Neal was made Surgeon in the United States Public Health Service in 1944, 
Senior Surgeon in 1948, and Medical Director in 1949. In the latter year he also 
was certified as a member of the Founders’ Group by the American Board of 
Preventive Medicine and Public Health. He was active on some 25 committees, 
both interdepartmental and internatiorial which dealt mainly with his specialty in 
toxicology. In connection with the Model Safety Code for Industrial Establish- 


PortRaIT BY WAMSLEY LENHARD 


PAUL ARDEEN NEAL, M.D. 
1901-1952 


ments which was being prepared by the International Labor Office, Dr. Neal went 
to Geneva in the spring of 1949. 

During the years of his supervision, the Industrial Hygiene Research Labora- 
tory (and its successor, the Laboratory of Physical Biology) became a very produc- 
tive organization, both in applied studies and in fundamental investigations in fields 
allied to toxicology. The assistance which it gave to industry and the Armed 
Forces during World War II on problems ranging from DDT to TNT is a parti- 


cular merit which has been well attested. Dr. Neal was an author on 111 publica- 
tions issued from the Laboratory. 
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Dr. Neal always practiced a high code of ethics in relation to both public service 
and his personal affairs, and deferential though he might have been in most 
instances, he would attack with cold fury those who sought to compromise a public 


trust. Because of these high motivations and his sense of fairness, his staff was 
extremely loyal to him. 


His loss has been felt in circles far outside Bethesda and especially by those 
industries which continually sought his consultation and assistance. He is survived 
by his wife, Beatrice ; his mother, Madge Mae Neal; his sister, Mrs. Ashley Pogue ; 
his stepson, Alasdair Munro, and his two sons, Paul Whitaker and Robert Gordan 


Neal. R. R. Savers. 
Puitip DRINKER. 


Abstracts from Current Literature 


General 


An INVESTIGATION INTO THE HEALTH OF 625 EMPLOYEES ENGAGED IN GAS PRODUCTION IN 
New Soutn Wates. Cyrit J. Cummins, TALBot L. Dunn, HERBERT E. G. RAYNER, 
and Joun L. Sutvivan, Report of Division of Industrial Hygiene, Department of Public 
Health, New South Wales, 43 pages. 


This survey of six representative units engaged in gas production in New South Wales 
was carried out with a view to determining the type and extent of the medical hazards existing 
in the industry and the effects of such hazards on the general health of those engaged in the 
industry. Emphasis was directed toward dust inhalation, contact with carbon monoxide, 
exposure to high temperatures and climatic extremes, and the dermatogenic effects of the 
handling of tar and tar products. 


General Health.—In general it may be said that the group were as healthy as any similar 
occupational populace of the same age distribution. The incidence of constitutional disease 
was not abnormal, with the possible exception of an increased tendency to chronic bronchitis in 
those exposed to dust. 


Dust Exposure-—The occurrence of specific pulmonary dust disease (pneumoconiosis) was 
low and was confined to those groups in contact with highly siliceous material. The present 
degree of exposure to “refractory” dust was within limits generally accepted as safe in this 
state, and it must be presumed that the exposure was higher in previous years when working 
routines were different and mechanically exhausted brick cutting machines were not available. 

There were no definite cases of pneumoconiosis among those exposed to coal and coke dust 
with a low free silica content. One employee with a minimal exposure had radiological appear- 
ances suggestive of nodular fibrosis, but it is difficult to support the diagnosis of pneumoconiosis 
in this instance on either clinical or industrial grounds. Although there was no supporting 
evidence, this could possibly be a case of Boeck’s sarcoidosis. 

There were 12 employees exposed to this type of dust with increased pulmonary markings, 
9 of whom had an exposure of greater length than 10 years. The appearances were not definite 
enough to suggest early pneumoconiosis and would come within the category previously 
described as “increased pulmonary markings with reticulation.” It was not possible to give an 
opinion as to whether these radiological findings were due to dust inhalation or to changes 
associated with age or other variations of the normal. 

Among all groups exposed to dust there appeared to be a tendency to an increased incidence 
of chronic bronchitis, equaling that found among coal miners in this state, and apparently greater 
than that found among one normal American populace. The type of dust exposure was of no 
significance in determining the incidence of this condition, nor was the incidence affected by 
exposure to climatic extremes. It must be emphasized, however, that only relatively small 
numbers statistically are involved, and in general such increased incidence was not significant 
to a 1% level as compared with other populaces. This possibility of a greater liability to chronic 
bronchitis after continued dust exposure can best be described as a trend, which may be asso- 
ciated with dust inhalation, although chance variation in sampling cannot be positively excluded. 

There was no evidence of any increased incidence of skin disease associated with contact 
with dust, due without doubt to the adequate ablution facilities available at all units. 

Carbon Monoxide.—Throughout this survey there was no evidence to support the existence 
of the medical condition of chronic carbon monoxide poisoning, nor were there any residual 
ill effects from constant inhalation of small concentrations of this gas. This was to be expected, 
as the hours of work are such that exposure to this gas is intermittent, and with normal working 
conditions the limits of exposure are less than 100 ppm. 

Acute carbon monoxide poisoning is always a potential hazard in gas production, being 
mainly associated with leakages from faulty maintenance, inefficient and high retorting pressures, 
or neglect of simple precautions by employees due to familiarity with the gas. The rareness of 
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acute poisoning episodes is a good indication that the hazard is potential rather than actual in 
gas production. Suggestions have been made to improve emergency first-aid and rescue pro- 
cedures in cases of acute gassing. 

Exposure to High Temperatures and Climatic Extremes.——Exposures to high temperatures 
are encountered in the industry from radiant heat in retort houses and to a smaller extent in 
the carburetted water and oil gas plants. The construction of retort houses is such that high-air 
movements and air changes occur, depending upon the orientation and location of the buildings 
to obtain the full effects of prevailing winds. The effective temperatures in summer time often 
rise to uncomfortable levels, which would decrease work efficiency and even lead to heat 
exhaustion if exposure were more prolonged. It is not practicable in this industry to introduce 
screening or lagging to overcome this heat radiation. The absence of observable clinical effects 
is due to acclimatization and low exposure periods, which in themselves have overcome any 
hazard from this source. Exposure to climatic extremes occurs in certain occupations, such as 
those of tunnelmen, and also among retort-house workers, especially during the winter months 
when moving from hot retort houses to resting annexes. This exposure has not resulted in any 
increased incidence of either acute respiratory or acute chronic rheumatic diseases. Nevertheless, 
it is advisable when constructing annexes to have them as close to retort houses as possible and, 
where practicable, to provide covered passageways. 

Exposure to Tar and Tar Products—Exposure to tar throughout the industry is minimized 
by the absence of reclamation of tar products. Where such is carried out, the processes are 
enclosed, and gloves and barrier creams are provided. Exposure may occur among operators 
when filling retorts from hot tar condensate on surrounding pipes. One case of tar epithelioma 
discovered during the survey was attributable to this procedure, although several cases of black 
hyperkeratoses on the dorsa of the hands were observed in this occupational group. Such 
conditions are very common in Australia due to solar radiation, and this location is also a 
common anatomical site for nonoccupational hyperkeratoses. Gloves are supplied for retort- 
house procedures, and among the greater majroity of employees are worn. These would give 
sufficient protection from tar contact. 

Other Findings—The over-all incidence of disease throughout this survey is given in the 
appendices to this report. 


Occupational Diseases and Hazards 


OccuPATIONAL DISEASES ASSOCIATED WITH THE IMPORTATION OF RAW MATERIALS. DANIEL 
C. Braun and Joun F. OsterritTeER, Am. J. Pub. Health 42:1542 (Dec.) 1952. 


The occupational disease hazards confronting our labor force engaged in the “preprocessing” 
handling of imported raw materials for United States industrial needs are considered. An 
example list of basic materials includes the following: crude natural rubber; crude petroleum ; 
various ores; certain plants used in textile and rope manufacture; foodstuffs, including sugar, 
spices, coffee, tea, grain, etc.; vegetable and mineral oils and fats, and hides, skins, and furs. 

Infections and infestations mentioned include anthrax, glanders, foot-and-mouth disease, 
Q fever, psittacosis, actinomycosis, “sealfinger,” tetanus, Weil's disease, pemphigus, tularemia, 
tuberculosis cutis, schistosomiasis, malaria, yellow fever, and_ filariasis. 

Under dermatoses were noted the following: yeast and mold infections; insect infestation, 
e. g., “grain itch” and “cottonseed itch,” and contact dermatoses caused by various vegetable 
fibers, plants, and woods, e. g., poison ivy, lemon-grass oil, red pepper, and some West Indian 
woods. 

Among pulmonary diseases considered are asthma due to allergens, pneumoconiosis, silicosis, 
bronchiolitis, bronchitis, and emphysema. 

“Miscellaneous diseases” included the following: carcinoma resulting from chromates, coal 


tar, nickel carbonyl, and nitrates; metal poisoning; solvent poisoning, and ophthalmia and con- 
junctivitis. 


This broad spectrum deserves further consideration in connection with importation. 


FRANK Boston. 
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Industrial Toxicology 


Gases Propucep By INERT ARC WELDING. JOHN J. FERRY and Gorpon B. GINTHER, Am. 
Indust. Hyg. Assn. Quart. 18:196 (Dec.) 1952. 


The authors determined the concentration of ozone, nitrogen oxides, and phosgene in the 
breathing zone of welders using argon and helium shielded arcs. Oxides of nitrogen were not 
produced in significant concentrations during test studies. Ozone concentrations were within 
the irritating range but below the maximum allowable concentration of 1 ppm.  Trichloro- 
ethylene vapor from shop degreasing operations was decomposed, producing phosgene and other 
products. According to the authors, such decomposition may produce dangerous concentrations 
of phosgene from trichloroethylene concentrations well below odor threshold. Argon significantly 
increased the concentration of all gaseous products in the vicinity of the arc. Since the decompo- 
sition of trichloroethylene appeared to be photochemical, the authors suggest that local exhaust 
ventilation alone would not prevent the formation of phosgene in the welders’ breathing zone. 


R. Dennis, Boston. 


FataL Exposure TO METHYLENE CHLORIDE Vapor. SAMUEL Moskowitz and Harry 
SuHaprro, Month. Rev. New York State Dept. of Labor 31:41 (Nov.) 1952. 


The properties, industrial uses, and toxicology of methylene chloride are considered. Emphasis 
is placed upon its narcotizing qualities. An accidental industrial exposure to methylene chloride 
vapor is reported and discussed. Of four men who were exposed, three recovered after varying 
periods of unconsciousness with no sequelae, and one died. Low hemoglobin value with possible 
hemopoietic depression, was the only recorded clinical finding of significance after a limited 
medical examination. No pathognomonic autopsy findings were noted. 


JERROLD ScHwWartTz, Boston. 


OBSERVATIONS ON OcCUPATIONAL PATHOLOGY IN A POLYSTYRENE RESIN Factory. M. 
Barsotti, L. PARMEGGIANI, and C. Sassi, Med. lavoro 48:418 (Nov.) 1952. 


Occupational disturbances affecting workers in a factory for the production of polystyrene 
were studied. Production is affected by the reaction of benzene with ethylene in the presence 
of aluminum chloride, successive dehydrogenation of the ethylated benzene, and finally poly- 


merization of the styrene. A department for the production of aluminum chloride adjoins the 
factory. 


A total of 41 workers were examined. The great majority of those working in contact 
with atmospheric concentrations of styrene of the orders of 0.1 to 0.2 mg. per liter showed 
irritation of the pharyngeal and conjunctival mucous membranes and of the skin and slight 
gastric afflictions. Several of the workers suffered from nervous troubles, in particular 
diminished night vision, and had slight leukopenia with relative lymphocytosis. Workers 
exposed to concentrations of styrene of the order of 0.8 mg. per liter of air showed irritation of 
the mucous membranes and of the skin. Urinary elimination of hippuric acid was normal in all 
these workers. 

It should be recalled that, since the maximum allowable concentration is at present fixed 
at 0.6 to 0.9 mg./l. for ethylbenzene, concentrations should not exceed 0.6 mg./l.; moreover, 
the concentrations of styrene should be fixed at rates under 0.85 mg./l. Workers working with 
aluminum chloride who are consequently exposed in addition to hydrochloric acid fumes incur 


the risk of bronchitis and itching dermatitis. Excise SumMARY 


INVESTIGATIONS ON CHRONIC MERCURY PoIsONING AMONG DENTISTS AND DENTAL NURSES. 
Tore Datuamn, Nord. hyg. tidskr. No. 1-2 32, 1953. 


Altogether 57 air analyses of mercury have been performed in different dentists’ rooms. In 
the great majority of cases (51) the values have been found to be under the maximum allowable 
concentration, 0.1 mg. Hg/cu.m. In connection with more special jobs, often of short duration, 
higher values have in a few cases been measured. 
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The excretion of mercury in the urine has been determined in 57 cases. In 36 of these cases 
there has been shown an excretion of less than 20 y Hg/I.; in no case has a higher excretion 
than 100 y Hg/I. been shown. 

The results of air and urine analyses definitely indicate that there is no serious risk of 
chronic mercury poisoning for dentists and dental nurses in normal dental practice. 


AUTHOR'S SUMMARY. 


Medicine and Surgery 


REHABILITATION OF THE INDUSTRIALLY INJURED. ArRpIE E. SHELTON, Compens. Med. 4:21 
(Sept.-Nov.) 1952. 


Environmental Conditions 


GREATER DETROIT-WINDSOR AIR POLLUTION Stupy: Part I. INpustry. J. C. RADCLIFFE, 
Am. Indust. Hyg. Assn. Quart. 13:206 (Dec.) 1952. 


The author describes the current air-pollution abatement program in the Detroit-Windsor 
area, functioning under the joint administration of official agencies and industrial representatives. 
Questionnaires supplied information on fuels and combustion processes related to heating and 
power supply and information on types of industrial operations with their related stack effluents 
and control methods. A separate committee,agreed on standard methods of stack sampling so 
that all data would be consistent. Representatives of industry attended a training course set up 
with the University of Michigan Extension Service to insure proper sampling techniques and 
evaluation of data. Few data are available since the training program is still under way. The 
author reports, however, that industry is asking for bids on collection devices that will control 


stack effluents. R. Dennis, Boston. 


GREATER DETROIT-WINDSOR AIR POLLUTION StupyY: Part II. INVESTIGATION OF ENVIRON- 
MENTAL CONTAMINANTS BY CONTINUOUS OBSERVATIONS AND AREA SAMPLING. MORRIS 
Katz, Am. Indust. Hyg. Assn. Quart. 13:211 (Dec.) 1952. 


The author indicates the scope of the Canadian contribution to the air-pollution study of 
the Detroit-Windsor area and describes the nature, distribution, and probable source of gaseous 
and particulate contaminants as well as the influence of meteorological factors on their dis- 
semination and diffusion. Sampling techniques include the following: use of continuous 
sulfur dioxide recorders; intermittent sampling for hydrogen sulfide, chlorine, nitrogen oxides, 
and ammonia, and particulate sampling by pleated filters and thermal precipitators. These data 
are supplemented by spectrographic analysis of particulates, meteorological data, and smoke 
density measurements by the Ringelmann chart. In conjunction with the description of the 
atmospheric contaminants, an attempt will be made to correlate these data with community 


health. R. Dennis, Boston. 


INDUSTRIAL ATMOSPHERE: V. FORMALDEHYDE IN THE ATMOSPHERE OF WORKING ENVIRON- 
MENT. JAN RouBAL, JOSEF ZDRAZIL, and FRANTISEK Picna, Prac. lék. 4:283 (Aug.) 1953. 


The source of contamination of the air in work places where glues with a formaldehyde-urea 
base are used is to be found in the free formaldehyde contained in resins. Quantities of 0.56 
to 1.4% of free formaldehyde were found in glues examined. Technicians maintain that the 
use of glues which do not contain free formaldehyde is not practicable. Where resins are 
produced, it is necessary to provide good ventilation. Free formaldehyde remains for a long 
time on objects stuck together with synthetic glue or coated with a resin-containing paste. Sites 
where such material is worked should contain adequate ventilation. It is best to use gas masks 
or respirators in places where formaldehyde is used in spraying hides for tanning. 


CONDENSED FROM ENGLISH SUMMARY. 
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Determination of Air-Borne Contaminants 


Dust Partictes HicH Vetocity AiR STREAMS—REPRESENTATIVE SAMPLING. T. C. 
Goopate; B. M. Carper, and E. C. Evans, Am. Indust. Hyg. Assn. Quart. 13:226 (Dec.) 
1952. 


An isokinetic sampler for aerosols has been developed for use on aircraft in flight. The 
sampler was designed to maintain air flow into its inlet isokinetic with the flow of the air 
stream to be sampled. Also it was designed to achieve high-collection efficiency over a wide 
range of altitudes and air velocities collected by the sampler. The inlet is mounted on gimbals 
and is veined to maintain its axis parallel to air-flow lines. 

The aerosol particles are precipitated electrostatically on glass slides, electron microscope 
screens, and selected metallic surfaces. The theory of precipitation of particles for this type of 
sampler is treated briefly. Methods for study of the collected samples are discussed. 


AvuTHORS’ SUMMARY. 


ANALYSIS OF SULFURIC AcID Contact PLant Exit Gas: CriticAL REVIEW OF ANALYTICAL 
METHODs FOR Acip Mist AND SuLFUR Dioxipe. JosepH B. LomBarpo, Analyt. Chem. 
25:154 (Jan.) 1953. 


A critical review of the literature of the analysis of sulfuric acid contact plant exit gas for 
the two important constituents, sulfuric acid mist and sulfur dioxide, disclosed the lack of a 
practical analytical method. Such a method is essential for the proper control of the process and 
for evaluation of air pollution. Sulfuric acid mist in the range of 0.1 to 10 mg. per cubic foot 
is determined by filtering the particles on a specially designed sintered glass unit; sulfur dioxide 
in the range of 1 to 100 mg. per cubic foot is found by oxidation by and absorption in hydrogen 
peroxide and subsequent titration with sodium hydroxide. The application of the proposed 
method has contributed materially to the intelligent control of a modern sulfuric acid contact 
plant. The literature survey, the most comprehensive to be found anywhere pertaining to the 
subject, is of particular benefit to research and development workers in the sulfuric acid industry 


and in the field of industrial hygiene. Kevnnt’s San 


Puysico-CHEMICAL StTuDIES ON Dusts: IV. AccuRACY OF CHEMICAL ESTIMATION OF FREE 
Rocks AND MINERAL Dusts. W. M. Cummincs, P. B. DEmpsTER, and P. D. 
Ritcuig, J. Appl. Chem. 2:658 (Nov.) 1952. 


This paper describes investigations of the Trostel and Wynne potassium pyrosulfate fusion 
method. It was found that two potassium pyrosulfate fusions are required to effect virtually 
complete decomposition. Under these conditions chemical attack on quartz is appreciable, 
expecially for the smaller particle sizes. Since some minerals, such as feldspar, are not decom- 
posed at all, two corrections must be applied, 1. e., the “resistant-mineral correction” and the 
“quartz-loss correction.” Further, the method cannot be used with accuracy for the estimation 
of free silica in mixtures containing quartz and cristobalite, since the polymorphic forms of 
silica are much more soluble in potassium pyrosulfate but cannot be differentiated from quartz by 
this method, thereby preventing evaluation of the silica-loss correction factor. Chalcedony, a 
cryptocrystalline form of silica ground to pass a 200-mesh sieve, lost 33.5% of its weight when 
subjected to this analysis. 


Ventilating, Air Conditioning, and Engineering Control 


Dust ConTROL AT THE SOURCE OF FORMATION IN MINE TRANSPORT. R. KorTSCHIK, 
Occup. Safety and Health 2:171 (Oct.-Dec.) 1952. 


Methods employed in suppressing dust formation in the Ruhr and other European coal mines 
are discussed. Various methods of transport are considered, and the use of water sprays, local 
exhaust, and dust barriers is described for each application. Emphasis is given to minimizing 
dust generation during transport by careful handling of the coal. For example, the height of 
the drop at transfer points should be kept to a minimum, as are irregularities in tubes and chutes. 
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Application of the methods described must be guided by the consideration of the combined 
mining and transport system as a unit rather than as isolated operations. Good ventilation is a 
basic requirement for all transport methods. The optimum air velocity is given at 160 to 240 
ft. per minute. Above 300 ft. per minute, settled dust may be resuspended in the air. At 


velocities that are too low, dust removal becomes inadequate. ALLEN R. Jones, Boston. 


REDUCTION OF THE Dust CONCENTRATION IN STOPES AND AIRWAYS BY THE USE OF 
SPRAYERS IN STOPINGS: RESULTS OF A SURVEY CONDUCTED BY THE INSTITUTE OF 
MINES ON THE EFFICIENCY OF SPRAYERS IN BELGIAN Coat MIntnG. Communication 
100, Institut d’Hygiéne des Mines, Nov. 4, 1952. 


This study was made on different types of spraying devices of different makes (Belgian and 
foreign) and on their application in the control of or reduction of dust concentration in the 
mining and underground transportation of coal ores. 

It is pointed out that the use of sprayers does not eliminate the dust at its source but it does 
prevent the dispersion of the already formed dust cloud. 

The study with different kinds of sprayers was made in three precise cases: (a) in a stope 
equipped with shaking conveyor units; (b) in a stope equipped with metal chutes and apron 
conveyors, and (c) in an airway in which the transportation was done by shaking conveyors, 
belt conveyors, and bucket elevators. 

A complete study was made of these cases, a description of the mining operations is reported, 
and finally the results obtained are tabulated. For example, reductions in dust concentration 
by weight were 64% and 46% at the foot and head walls, respectively, in the first case, 77% 
in the second case, and 75% in the third case. 

In the discussion of the first part, the report states that studies have already been made on 
the subject but that the major problem has not been properly investigated, i. e., the great 
quantity of water consumed. Consumption of too much water gives rise to annoying difficulties, 
such as the caving in of walls, interference with treatment of the coal at the surface, increased 
humidity in the stopes, and finally troubles in the transportation mechanisms. It is felt that 
spraying devices can be used effectively when mining conditions are favorable but that, on the 
other hand, one has to be careful about the amount of water used. It has thus been the intention 
of the Institute of Mining Hygiene to study systematically different types of sprayers, with 
the purpose of arriving at standardization in their use or at least of determining which sprayer 
was best and recommending its use. 

The second part of the report is consequently a study of 33 foreign-made sprayers and 23 
Belgian sprayers. The following characteristics ‘have been considered: (a) the quantity of 
water consumed (eventually, compressed air) in relation to the water pressure for each of the 
given adjustments of the sprayers; (b) the angle of the jet; (c) the range of the jet and its 
penetrating force, and (d) the nature of the water cloud, whether mist, droplets, or drops. With 
this knowledge of the characteristics of each sprayer, the report indicates which one is preferable 
for each of the three cases already described. 

As a conclusion of the second part, there is a general classification of the 55 sprayers in 
three main classes, depending on their most remarkable features. These are as follows: (1) 
for the wetting of stopes and galleries; (2) to prevent the dispersion of an already formed dust 
cloud, and (3) for the wetting of the coal at loading points. 

The appendix has a table in which the sprayers are classified according to their characteristics 
and recommended use. Photographs of the sprayers are also included, along with their cali- 
bration curve showing the water consumption vs. the water pressure. 

A. Grrarp, Boston. 


Accidents and Their Prevention; Protective Equipment 


SAFETY AND HEALTH IN THE CANE-SuGAR INDUsTRY IN CuBa. I. T. Caprera, Occup. 
Safety and Health 2:174 (Oct.-Dec.) 1952. 


A study of safety and health in the Cuban cane-sugar industry has been made, and the 
results for the agricultural phases are given in this article. A brief discussion of the history 
of the industry in Cuba is given, along with a rather complete description of the various 
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operations and their safety hazards. Accident statistics for the period 1941-1950 are presented, 
as is a breakdown of accidents by type and agent. The machete used in the hand harvesting 
of the cane and in clearing and weeding operations causes 42% of all agricultural accidents. 
Difficulty in reduction of accidents from this cause is due to a large extent to employment of 
migratory workers who lack adequate training and experience in the use of the machete. Among 
other serious causes of accidents are thorns and prickles on the cane and weeds, which often 
lead to infections because of inadequate and delayed medical attention. 

Protective clothing, such as gloves or leggings, are not in wide use because of poor worker 
acceptance. Cup goggles made of heavy, black wire mesh are described, and a 60% reduction 
in eye accidents is reported when they are used. These goggles prevent difficulty of sight impair- 
ment by dirt and perspiration when glass ienses are used. Another recommendation for accident 
reduction is first-aid and safety instruction for all workers. A brief description of the problems 
of sanitation on sugar plantations is also given. 

This is an excellent article and will be followed by another dealing with manufacturing 


operations in the next issue of the publication. ALLEN R. Jones, Boston 


StTupyY OF THE PROPERTIES OF Two AntTI-Dust RESPIRATORS FOR PROTECTION OF WORKERS 
AGAINST Stticosis. G. Gerosa, L. GHIRINGHELLI, A. GRIFFINI, C. Mottna, M. PAsar- 
GIKLIAN, and N. ZurtLo, Med. lavoro 43:391 (Nov.) 1952. 


Two types of respirators manufactured by an Italian firm were studied by assessing the 
protective efficiency of the filters for types of smoke and dust and the effect on the respiratory 
function and on the working capacity of the worker. In the type which contained a cellulose 
filter, the clogging of the filter with dust increased greatly the resistance and caused a feeling 
of uneasiness; it also caused increased pulmonary ventilation (50%) and reduction of the res- 
piratory energy output. The electrostatic filter, however, clogged only very slowly and could 
be used for several days without being changed. No changes in respiratory phenomena were 
noted in those wearing the model containing the latter filter. 


CONDENSED FROM ENGLISH SUMMARY. 


Legal Medicine 
DisaBILity EvaLuaTIon. Eart D. McBripe, Indust. Med. 21:519 (Nov.) 1952. 


The evaluation of disability would not be so difficult were it not that the percentage of 
disability is placed on an economic rather than a physiological and anatomical basis. 

Medical analysis and opinion must satisfy the demand of the court which requires evidence 
established by medical opinion on the extent to which the injured or disabled person is entitled 
to part or all of the award for disability as specified by the statute. In an effort to solve this 
problem, the author has presented a process for arriving at a reasonable and trustworthy opinion 
in the rating of disabilities by measurement of the functional capacity for work based on seven 


factors of function: quickness of action, security, coordination, strength, endurance, safety as 


workmen, and reemployment examination. H. Taare. 
Nn H. 


Radioactive Substances and X-Ray 


RapreLocicaL HreattH Hanppook. Simon Kinsman, Donato J. Netson Jr., Ropert P. 
CuristMAN, Morton I. GotpMan, Henry J. L. RECHEN, RICHARD F. VALENTINE, ARTHUR 
H. Wo rr, and MircHett R. Zavon, Environmental Health Center (NP-4071), Sept., 1952. 


This handbook contains a large amount of readily available information of interest to anyone 
working in the field of radiation. Sections are included on signs and symbols, constants and 
conversion factors, equations, mathematical tables, electromagnetic spectrum and atomic data, 
glossary, survey and monitoring data, radioactivity assay data, x-ray data, biological data, and 
appendixes containing a table of isotopes and an isotope decay table. 


NuCLEAR Sc. ABsT. 
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SumMary OF REPORTED RADIATION EXPOSURE IN THE UNITED States. Federal Security Agency, 
Public Health Service, 1952. 


This paper is the result of an extensive survey of existing literature. It summarizes in tabular 
form the sources of ionizing radiations, where they are usually found, and what persons are 
most likely to be exposed to them. 


Some detail is given on exposure to x-ray units. In medical use, an operating personnel 
of 215,000 persons are potentially exposed ; 4,000,000 treatments are given, 25,000,000 examinations 
are made, and 84,000,000 dental roentgenograms are taken annually. 

The medical, industrial, and research uses of radioisotopes are summarized, and general 
exposure levels are indicated. 


The “water boiler” at North Carolina State College is presented as an example of exposure 
potential from nuclear reactors not in the Atomic Energy program. 


Activities of the Atomic Energy Commission which tend to release radioactive materials are 
discussed, and indications of the amounts of radioactivity concerned are given. 


The paper contains an excellent bibliography of unclassified material relative to the subject. 


RicHArp CoLEMAN, Boston. 


BILATERAL LENTICULAR OPACITIES OCCURRING IN A TECHNICIAN OPERATING A MICROWAVE 


GENERATOR. FREpDERIC G. Hrrscu and Joun T. Parker, Lovelace Clinic, Albuquerque, 
N. M. AECU-2041. 


A case study of the damage done to the eyes of an adult man upon exposure to microwave 
radiation is reviewed. Since microwave energy has been used as a modality of physical therapy 
for a number of years without any record of ocular damage, this case study was published to 
recall to the attention of ophthalmologists, industrial physicians, and microwave operators the 
potentialities of microwave radiation, in order that the use of this form of energy will be 


accompanied by appropriate respect and precautions. Muctnan 


STUDIES ON THE TREATMENT OF INTERNAL RADIOACTIVE CONTAMINATION: II. PREVENTION 
OF DEPOSITION OF A Fission Propuct By SALTs OF ETHYLENE DIAMINE TETRAACETIC 


Acip. S. H. Conn, J. K. Gone, and M. C. FisHier, Naval Radiological Defense Lab. 
(USNRDL-358) Aug. 19, 1952. 


It has been demonstrated that the administration of sodium EDTA followed by calcium EDTA 
soon after the start of Y® injection can measurably reduce the internal radiation hazard by 
preventing skeletal fixation of the radioisotope. In like manner, the administration of the above 
salts of EDTA prior to the injection of Y®! results in a skeletal yttrium concentration only a 
small fraction of that found in the controls. This work suggests the feasibility of a prophylactic 
approach to the problem of treatment of internal radioactive contamination in terms of preventing 
the skeletal deposition of fission products before, or soon after, exposure. 


NucLear Sc. Asst. 


Hazarps ANTICIPATED FROM Fission Propuct Use. P. J. VALAER, Occup. Health 12:105 
(July) 1952. 


Proposed industrial uses of fission products are summarized. The properties of Sr9° and 
Cs187 are reviewed. The potential use of fission products in industry is evaluated in terms 
of occupational and public-health hazards presented by the preparation, transportation, use, and 


ultimate disposal of fission products by industry. Nocense Se Ase 


Tue Concert oF A MAXIMUM PERMISSIBLE ExposuRE. RoBERrtT S. STONE, Radiology 58:639- 
661 (May) 1952. 


Biological effects of radiation are reviewed and a concept is presented for establishing 


maximum permissible exposure limits, which is based on a large number of experiments and 
observations. 


NucLear Sc. Asst. 
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PRECAUTIONS IN HANDLING Raptoactive Isotopes. J. W. J. Fay, Brit. M. Bull. 8:246, 1952. 

The nature of hazards encountered in handling radioisotopes, units of measurement of radio- 
activity, maximum permissible doses, monitoring of personnel, monitoring of working areas, 
permissible contamination levels, design and lay-out of radiation laboratories, shielding, general 
precautions, and disposal of waste are discussed. Nucisce Se. Auer: 
CONCERNING RECENT RESEARCH ON Protection AGainst HiGH-INTENSITY WHOLE-Bopy 

EXposURE TO PENETRATING RapIATIONS (IN FRENCH). A. LACASSAGNE, Fortschr. Geb. 
Rontgenstrahlen (Supp.) 75:98-105, 1951. 

The author reviews the investigations carried out since 1909 on chemical prophylaxis and 
treatment of radiation sickness and describes an experiment of his own in which adult rats were 
injected with Loiseleur’s solution (glucose, cysteine, thiourea, ascorbic acid, and succinic acid) 
15 minutes before or after x-irradiation with 666 to 836 r. Histological observations are 
reported briefly. The lower mortality of the treated animals is apparently caused by survival 
of a greater number of stem cells in the hemopoietic tissue. Neucteum Se. Aner. 
EXAMINATION OF IMPAIRED HEALTH OF RADIUM AND X-Ray WorKERS. MARIE REJSKOVA, 

Prac. lék. 4:200 (June) 1952. 

An analysis is made of the results of 1,685 examinations of 442 persons working with radium 
and x-rays who have been followed for several years by the Clinic for Occupational Diseases 
and Work Hygiene. They inciuded health workers and also industrial x-ray workers. For 
the analysis, no data were available of the amount of radiation at the work sites; in other 
words, the absolute exposure was not known. instead the author makes use of the length of 
time worked with radium and x-rays. Skin changes are estimated separately, and their 
frequency is shown. The subjective symptoms and objective changes in the blood count were 
studied. Only the neutrophiles showed statistical changes. Lasting absolute neutropenia is 
significantly more frequent among health workers than among industrial ones. Of these, mainly 
the physicians were affected. When compared with the mean for normal people, the average 
neutrophile count of physicians working with radium and x-rays falls progressively as the years 


CONDENSED FROM ENGLISH SUMMARY. 


‘ 
| 
i# 
' 


News and Comment 


ANNUAL SESSION OF THE AMERICAN MEDICAL ASSOCIATION 
New York, June 1-5, 1953 


The following portion of the program of the American Medical Association Scientific Session 
relating to industrial hygiene and occupational medicine will be of interest to readers of this 
Journal. 


SECTION ON MILITARY MEDICINE 


NORTH BALLROOM, HOTEL ASTOR 


Wednesday, June 3—2 p. m. 
Advancements in Submarine Medicine 


GERALD J. DuFFNER and Jack L. Kinsey, New London, Conn. 


Thursday, June 4—2 p. m. 


Health Protection in Nuclear-Powered Submarine and Surface Vessels 


OscaR SCHNEIDER and THEODORE ROCKWELL, Washington, D. C. 


Discussion to be opened by Joun FE. PICKERING, Randolph Field, Texas, and Joun H. 
Lawrence, Berkeley, Calif. 


SECTION ON PREVENTIVE AND INDUSTRIAL MEDICINE 
AND PUBLIC HEALTH 


BASILDON ROOM, WALDORF-ASTORIA HOTEL 
OFFICERS OF SECTION 
Tuesday, June 2—9 a. m. 
PANEL ON Civit DEFENSE 

Viavo A. GettinG, Boston. Moderator 

Health Programs in Civil Defense 


Emergency Public Health and Sanitation 


KENNETH C. CHARRON, Ottawa, Canada 


Rospert H. FLinn, Washington, D. C. 
Blood Derivatives and Plasma Volume Expanders 


Joun B. Avsever, Washington, D. C. 


Chemical Warfare in Civil Defense Tuomas H. Atpuin, Washington, D. C. 


Biological Warfare in Civil Defense 


Civil Defense in Industry 


Joun J. Puatr, Cincinnati 
M. N. Newoutst, New York 


Improved Hospitals CARLISLE S. Lentz, Washington, D. C. 


Wednesday, June 3—9 a. m. 
INDUSTRIAL MEDICINE 
Jean S. Fetton, Oak Ridge, Tenn., Presiding 
Industrial Medical Service by Private Practitioners 
Clinical Prevention of Alcohol Addiction 


Criteria for Retirement in Industry 


James P. HuGues, Cincinnati 
R. G. BELL, Ontario, Canada 


CHARLEs G. Dutcuess, New York 


The Cardiac in Industry E. M. Kung, Cleveland 


An Industrial and Laboratory Evaluation of a Silicone Protective Cream 


RayMoND R. SuskIND, Cincinnati 
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Thursday, June 4—2 p. m. 


Joint MEETING WITH SECTION ON PEDIATRICS AND SECTION IN PHYSICAL MEDICINE 
AND REHABILITATION IN GRAND BALLROOM OF THE COMMODORE 
RuTHERFORD T. JoHNSTONE, Los Angeles, Presiding 


Chairman’s Address Viavo A. GetTinG, Boston 

Epidemiologic Aspects of the Uses of Gamma Globulin in Poliomyelitis 
A. BELL, Bethesda, Md. 

National Policies Relative to the Distribution of Gamma Globulin 

W. H. Avurranc, Washington, D. C. 
Present Status and Future Possibilities of Vaccine for the Control of Poliomyelitis 
ALBERT B. Sasin, Cincinnati 
Differential Diagnosis of Poliomyelitis CLiFFoRD G. GRULEE JR., New Orleans 


Treatment of Acute Phase of Poliomyelitis ALEX J. STEIGMAN, Louisville, Ky. 


The Early Treatment of Poliomyelitis Jessie Wricut, Pittsburgh 
Discussion to be opened by DuaNE A. ScHrRaAM, Gonzales, Texas 

Rehabilitation in Poliomyelitis Rosert L. BENNETT, Warm Springs, Ga. 
Discussion to be opened by Morton HoBerMaAn, New York 


CORRECTION 


The article entitled “Pulmonary Tuberculosis in the Rhondda Fach: An Interim Report of 
a Survey of a Mining Community,” originally published in the British Medical Journal, Oct. 
18, 1952, was written by A. L. Cochrane in collaboration with J. Glyn Cox and T. Francis 
Jarman. In the abstract of the article published in the January issue of the A. M. A. ARCHIVES 
oF INDUSTRIAL HYGIENE AND OccUPATIONAL MEDICINE, page 73, Dr. Cochrane’s name was 
omitted. 
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Beware of 


Your 
Under Cover Enemy 


The Industrial Evil that Slows Your Production 
— Steals Your Profits 


GRANTED: Everyone wants to keep 
America’s production facilities mov- 
ing at top speed to help preserve our 
democratic way of life. 


GRANTED: Efficiency in plant opera- 
tion means less waste and more profit 
for all concerned. 


THEN WHY TAKE IT FOR 
GRANTED that a certain portion 
of man-hours must be sacrificed to 
the dispensary or the sick bed because 
of exposure to industrial hazards—and 
the absenteeism that follows? 


MILBURN PLY CREAMS can help 
remove “Exposuritis” from your pay- 
roll. One application of this gentle 


There is 
MILBURN 
Jobber 
in your aree 
e 


“mechano-chemical” barrier protects 
the worker from the most commonly 
used acids and solvents—gives him a 
comfortable, safe feeling—may actu- 
ally increase his productivity. And this 
“ounce of prevention” costs much less 
than the “pound of cure.” There is a 
MILBURN PLY CREAM developed 
to combat practically every known 
industrial hazard. 


Inquire today into the MILBURN 
METHOD for Plant Safety! A Free 
Survey of your industrial operation 
that will show how you can better your 
working conditions, and increase your 
profits. 


The 


ILBURN 


Company 


Detroit 7, Michigan 


Also makers of PLY-GARB and PLYGLOVS to guard against Industrial Hazards 


| 
Call him now 


Aeration 


CLOGGED 
NASAL PASSAGES 


Breathing comfort as well as proper drainage and aeration of the sinuses during upper respiratory 


infections is assured by the swift and prolonged decongestive action of 


HYDROCHLORIDE 


By shrinking the swollen mucosa, Neo-Synephrine permits drainage of 
purulent matter, restoring free breathing and relieving the headache 
caused by clogged passages. SUPPLIED: 

0.25% (pleted, 


rapio aND Clearing of nasal obstruction follows within seconds after application of 4 


PROLONGED ACTION =Neo-Synephrine and is unusually prolonged, so that comparatively few 0.259% solution (oromat- 
daily applications are necessary throughout the course of a cold. a 


weit Neo-Synephrine is notable for its relative freedom from sting, virtual — bettl 


TOLERATED absence of compensatory congestion and also has been found relatively 198 4 of. 
free from systemic side effects such as nervous excitation, cardiac 0.5% water soluble jelly, * | 
reaction or insomnia even when tested on hypertensive, cardiac and = % ©. tubes. 
hyperthyroid patients.' 


Neo-Synephrine, trade- 
mark reg. U.S. & Canada, 


wo appreciasie Neo-Synephrine not only restores nasal patency, but is compatible with of Phenylephrine 


INTERFERENCE WITH ciliary action. 1. Van ‘ies O. E., and 
CILIARY ACTIVITY Donnelly, Allen ‘arch. 


= 49.234, Feb 
no prowsiness Neo-Synephrine may be used by the ambulatory patient without danger 99. 
of producing drowsiness or related sedative action. Applied topically, 
Neo-Synephrine confines its action to the upper respiratory passages. 


WINTHROP-STEARNS INC. + New York 18, N.Y. © Windsor, Ont. 
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